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This report contains  annota ted  abs t r ac t s  of over 100 reports  (b ~ mo re than  t h e
1977 ed i t ion)  on the  new , but rapidly expanding subject on in f r a red  thermograph
of b u i l d i n g s , In f r a red  thermography of bu i ld ings  ( IRT B ) is a rapid , noncontact ,
r e a l — t i m e  t e chn ique  t h a t  uses an In f r a r e d  th erma l Imag ing sys tem to de tect  heat
lose or gain , s t r u c t u r a l  d e f e c t s , mois tu re , and other  anomalies in b u i l d i n g
envelopes. Photographs ( thermograms ) or video recordings of the imagery pro-
vide hard—copy documentation of faults detected . The references cover remote
sensing airborne surveys of large numbers of buildings , close—up ground surveys -~~‘,‘-~~~~ ‘
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of individual buildings, and qualitative (speculative) and semi—quantitative
(ground— truth) field •urveys. The report presents example. of thermographic
energy audits, roo f mo isture survey., building retrofit surveys , solar panel
analysis , window a.s.ssm.nts, and other practical applications by government
agencies and privat, sec tor survey teams . It lists research and developmen t
efforts to provide fundamental information to imptove quan t i f i ca t i on  accuracy,
evalua te equipment, and develop interpretation standards , along with examples
of daily usage in contrac t specifications , publ ic awarene ss programs , and
product test ing.

ii Unclassif ied
SECURItY CLA$$IFICAT ION OP THIS PA (IF~~~.ui 0 t  ~ IsedO

F 
_

~~~

- - . ~ I
~~~~ 

- 

‘

-.~ ~~
.-A_ _ 

~~~~~~~~~~ . — -~ 
.—.---

~~~
- ——-- ~~~~~~~~~~~~~~~~~~ ~~ —j - ~~~~~~~~~~~~~~~~~~~~ ~~, - 1..... ~~~~-



PREFAC E

This report was prepared by Stephen .3. Marshall Physical Science
Technician , of the Physical Sciences Branch, Research Division, U.S.
Army Cold Regions Research and Engineering Laboratory .

Primary funding was provided under DA Project 4AI61IOIA91D , In—House
Laboratory Independent Research; Work Unit 2~~.4 Field Heat Loss
Quantification Using a Thermal Itna~inj S t .  

- Secondary funding was
provided under DA Project 4A762730AT42 , Design_, Construction and
Operations Technology f or Cold Regiot~s; Task A3 Cold Reg~ons Operation
and Maintenance of Fixed Facilities; Work 

- n t 002, Effects of Cold
Environment Upon the Infrared CharacteriS~~~~~~

rB’
~ifldings.

The technical content of this report was reviewed by C.J. Korhonen
and S.N. Flanders of CRREL.

The contents of this report are not to be used for advertising
or promotional purposes. Citation of brand names does not constitute
an official endorsement or approval of the use of such commercial
products.

MNUIM ~
11* llI ~ Is~I•
III IIII S.dI 

~~
U*INR~I
*HfiUffis- — 

D D C
_ _ _ _  ~I~Un ~~Slit . *VAIL si~ s VECI*L I I I ~~~ 

—

A5 MAY 17 iei~ 

iii

-- 
_ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



IN TROPU CT ION

This  repor t  nt atns  annotated ab s t r a ct s  ot OVet  100 r e p or t s .
~hb more’ t hati the ’ [q 77 e di t i o n)  on the  new hut r ap i d  lv  exp and i ng sub k ”t
ot  tn t  rared thermography  ot bu i ld ings . 1 nt  t~~& ed  t hermograp hy  of bel l l~11ngs
URTB) is a rapid , noncoutact , real—time technique that use’s an i n t r a t e d
thermal imaging system to detect heat loss or gain , structur al detects ,
moisture , and other anomalies in bu i ld ing  envelopes. As the system
scans a building or series of building s, the vary ing intrared inten—
sitius t rom thu target are prop ortionatel y converted to varying visual
intensities (i.e., whit1’ is hot and black is cold) and disp layed on 4

m onitor. Photographs (thermograms ) or video recordings ot therma l
imagery provide documentation ot t he anomalies detected . An experienc ed
thermographet interprets the documentation usually by reterence to
tfle’5sUL~ed tempt ’rstuEes or other  f a ct or s , or by visual comparison with
the a ct u al  bu i lding or sample’ b u i l d i n gs , 1mnd a t t e m p t s  t o  ar r i v e  ~it some
uset ul end product. This  end pr oduc t  can range t rots energy  conservat ion
public awareness programs to  d e t a i l e d  energy au d i t s  or in spect  ions of
s p e c i f ic  bu i ld ing  problem s to prove compli an ce  or noneomp l l anc ’ w i t h
cont r act  sp ec it  t cat lon s .

Th1’ i n f r a r e d  therma l imaging svs t  ems operat e ’  in 1’i t h e r  t he  mni dw av e
in f r a r e d  (.

~ 
to ‘~.t ~— c wav e leng th’~ or longwave i n f r a r e d  t~ to 1-. — i ~ wave-

length) portions of the  i n t rar e d  spectrum hecaus ’ these two hands are
“w indows ” thr ough  which in t r ar e d  r a d i a t i o n  can pass w i t h o u t  being
absorbed b\ the atmosphere.  A typ i ca l  f i e l d  sys tem has a therma l reso—
lut  ion or a minimum de tec t ab le  t e m p e r at u r e  d i t  Ierence of i) . .~°C at an
objec t t emper ature  01 +30°C and a s p a t i a l  r eso lu t ion  or Instantaneous

ic i d  of view of ~ .5 m i l li ra d i an s  at ‘,tVt con t r a s t , and cost S about
S-.5,000 w i t h  accessories . Some of the  sy stems have an i sothe rmal
f u nc t i o n  tha t  superimposes on the p i c tu re  brightened—up contours that
i d e n t i fy  areas ot equal temperature ( i . e . ,  equal tones of g r ay ) .
Recent deve lopments indicate that future therma l imaging systems
will be lighter and sm~iler and will have one or mor~’ of the following
features : electronic zoom intrared lens , or p icture magnificati on teatute ,
television compatibility, broadcast—quality pictures , video recording ,
internal black—bod y absolute temperature standards , memory , computer
interfacing capability, and improved spatial and the rma l  r e so lut ions .

Pu rpuse and Sc

Infrared thermegtaphy ot buildings is t e e’ new to be described in
a textbook or Journal, but articles on the subject are emerg ing from
cI wide variety ot sOurCus . The ob j e c t i v e  ot this report is to present
an overview ot the subje’ct as well as detailed information on scicutiti c
research from the sources covered . Topics tnc lud e  r emote sensing
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airborne surveys of a large number of builidngs and closeup ground
survey, of specific buildings. Most of the  survey reports are quali-
tative or semi—quantitative.

The research and development reports basically attempt to verif y
survey results or to address difficulties in obtaining quantitative’
numbers (e.g., British thermal u n i t  or thermal resistance values).

Report Org~nizat ion

The Bibliography is organized alphabetically by author and has a
synopsis of the essential, pertinent and unique points contained in
each work. Reports are available from the authors . Reports c o n t a i n i n g
proprietary information are considered generally u n ob t a i n a b l e  and ar e
therefore not included .
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This manual is an introduction to an important new aspect of tech—
nologv tha t is the most significant development in the science of heat
detection in the last _‘5 years: the use of an infrared camera system
to inspect  s t ruc tu res  for  heat loss and heat gain. This technology ,
infrared thermography , can reveal where and how much energy is being
wasted in both residential and business establishments. The energy
efficiency of buildings can be increased selectively, at minimum expense
and with maximum effect , through the use of thermographic inspection to
select sites for improvement . Without thermographic inspections ,
efforts to improve the thermal integrity of buildings are little more
than guesswork.
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As part of a multi—faceted residential energy conservation program ,
the Minnesota Energy Agency conducted aerial infrared surveys of .~7
communities during the 1976—77 heating season. The purpose of this
demonstration project was to determine the potential of infrared tech—
nologv as a diagnostic and implementation tool for energy conservation
programs .

This paper examines the ob jec t ives , mechanics and pre l iminary  re—
suits of disseminating infrared imagery and energy conservat ion tech—
nology on a broad scale with p a r t i c u l a r  emphasis on how the i n fo rma t ion
was relayed to the general pub l ic .

The Minnesota program , established as a cooperative effort with local
communi t ies , was carr ied out at the local level using volunteers , part—
time employees and/or city personnel unfamiliar with infrared and energy
conservation technology . As a result , the agency worked closely with
individual communities to assist in selection of staff for dissemination
centers , to aid in film organization and display , to provide adequate , 

-

training and conservation materials , and to suggest procedures for
effective operation of dissemination centers. These aspects of the
program are described and program examples are cited to illustrate the
effects of various dissemination strateg ies on the program.

Preliminary results of a survey conducted to analyze the impacts of
the program are also included.
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CENGAS , A d i v i s i o n  ot Ce n t r a l  Telephone and Ut I l i t less Corperac ion ,
in cooperation with the Remote Sensing Institut e , South I~ako~. a State
U n i v e r s i t y.  is using airborne therma l scanner data to m o u t t o r  r e l a t i v e
root top t emperatures . Four N ebt-aska commun i t ics and one South Pakot a
community were surveyed by the  Remote Sensing lu st  itute or CFN~ AS.
Therma l scanner da ta were convet ted to a t i l t s  tot -ma t and the  r e s u l t  ant
imagery has bests su cc es si ul ly  employed 1w CFNt AS . The’ pi-ogr am p l a ce s
emphasis on heat losses r e s u l t in g  from inadequate  home lnsulat ion , o t t e e s
CENGAS customers the opportunity to observe a thermogram 01 their root —

tops , and assists home—owners in evaluat ing insulation needs.
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Airborne’ therma l scans ot all NASA centers were made during l ’~ 
•
~~~

and 1976. The r emotel y sensed dat a  were’ used t e~ tetent it v a va r  i .‘ t V ot
heat losses, including t hose t rom building too ts  and cent ral heat tug
system d i s t r i b u t i o n  lines . Therma l imagery t rots several  NASA ce nt ers is
presented to demonstrate the c ap a b i l i ty  ot detecting these’ t~eat to~ s,’~
remote ly .  Many heat loss areas located by t he  scan data have be’en
v e r i f ied  by ground survey . .  For such en et’gv — t o t  ens iv.’ .tteas • therma l
scanning has proven to bt’ an e~ece I lent means 01 d~’t eel tug many poss It’ Ii ’
energy losses,

This report presents  a hr Ic’ t tnt r e du ct i on  t o  t n t  raved t herma 1
scanning p r i m a r i l y  for  the non techn ical  uset’ , d i  $t ’U S S e ’S i t s  app i t cat ion
to the detect ion ~ f energy losses in en er gy—  In t e n s iv e  In s t  a I l a t  ions ,
and presen ts some typ ical experimental results. Results et ground
surveys based on the remotely sensed dat~t at.’ also t’ri’si-nted .
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Northern Illin ois ~as (NI—Gas) serves approximately S million people
in an area ot about 17,000 square miles. The company ’s service a r ea
cove r s 35 counties which compose most of the northern third of Illinois ,
mainly outside the cit y of Chicago . NI— G as distributes about 48~ ofgas u t i l i t y  energy in I l l inois , or cons ider ing the total amount of utility
energy distributed , about 37 . The company supplied over 535 billion
cubic feet of gas to its 1,400 ,000 res iden tial , commercial and indus t r ial
customers in 1976.

• NI—Gas has a c t i v e ly  promoted the conse rva t ion  of energy among al l
classes of customers for  several  ‘-oars. The programs suggest ways to
conserve energy and emphasize the reasons conservation of energy is so
important for the future. Through these education and assistance pro—
grams , the company has succeeded in es tabl ishing a hi gh level of aware—
ness of the need to conserve energy among its customers and has helped
them t o conserve a subs tant ia l  amount of gas.

In the sp ring of 1977 , a Thermography Survey Program was initiated.
The eq uipment is basically an infrared camera system wh ich is used to
detect  and v i s ib ly  di splay areas of heat loss. Before—and—af te r  pictures
can be taken to show the e f f e c t  of cor rect ive  action and to i d e n t i f y
areas where f u r t h e r  conservation a c t i v i t y  is needed. The equi pme nt and
It s  ope rator have been made available , f r ee  of charge , to the 3 , 150 gas-
consuming schools in the NI— Gas area.

The pub l ic relati ons benefits received from press , r .v., and radio
have been sign ificant.

In November 1977 , based on the response of the school program , a
service for commercial and industrial customers was developed as a con—
t rac ted service for a fee. “The rmmaster ,” as it is known , is implemented
Lw utilizing independent contractors under an agreement with NI—Gas to
p rovide the most comprehensive service avai lable anywhere in the conti-
ne ntal  USA .
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The surface temperature distributions on the exterior walls of a
University of Alaska building were measured by mapping the intensity of
thermally emitted radiation with an infrared radiometer camera system.
Heat leakage and thermal bridg ing in the structure were readily observed
and detailed examples are’ given. The use of this technology is suggested
for future thermal evaluation studies in bui lding research and construe —
t ion .
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Rapid inc reases in the cost of energy have , wi th i n the last couple
of years , made most Canadians and Canadian government departments at all
levels awa re of the need for energy conservation . The Canada Centre for
Remote Sensing, a branch of the federal Department of Energy , Mi nes and
Resources, has taken an active role in develop ing the methodology for
the appl ication ot aerial thermograp hy for  the de tec t ion  of bu i ld ing
heat loss.

The advantages and limitations of the technique are described.
The in—house research program has been directed towarda producing a
quantitative estimate of the amount of attic insulation in residential
st ructures . It is extremely d i f f i c u l t  to arrive at an unambiguous
estimate of a t t i c  insula t ion  levels because of the complicating e f f e c t s
of a t t i c  ven t i l a t ion , roof p i tch , and roof ern issivi ty.  The e f f e c t s
of these parameters upon roof temperature are discussed but the appli-
cation of the technique to flat roof structures is more straightforward.
An operational industrial energy conservation program using aerial
the rmography is described to i l lustrate  how well the technique works for
such st ructure s.  in spite of the problems of applying aerial therm-
ography to the detection of heat loss from residential structures, it
has been used successfully in several residential conservation programs
in Canada.
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During the last few years , dec reasing supplies of fossil fuels  and
a t t endant increases in costs have emphasized the need to make more
efficient use of energy . Consequently , many government departments and
powe r u t i l i ty  companies have been investi gating means of ident i fying
areas whe re savings might be made. Qualitative studies on the use of
ae rial thermography for such a purpose have demonstrated the u t i l i t y
of this techni que to locate therma l anomalies. This paper examines the
possibility of using line scanning equipment operating within  the 8 to
14—urn atmospheric window to obtain a q~ian t it at ive  estimate of the amount
of heat loss from a residential or commercial structure. It also con-
siders the effects of meteorological factors , construction materials,
and construction practices upon the imagery .
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Ae r ial t hermography is becoming vi d c i v  used in man ene i c onse r —

vat Ion programs as an aid In detect ing heat losses. In order  to  rca i i :e
the  f u l l  po t en t i a l  of the  t echn i que , i t  is necessary t h a t  its • i dv5 .n t  ages
and l imi t a t ions  be a p p r uc iat e d . This report attempts to do this i n  a
manner which is understandable t e a p.’ r son who dot-s not hav e a t cc hn I ca I
background . A b r ief  i n t r o d u c t ion  t o  infrared theory is t el lowed by a
d iscussion of the de tecting instrument at  Ion and tvpi~’a I resident i a I and
industr ial construction practices. Finall y . example-~ ot  ima ~~ct’v are
presented which at tempt to Illustr ate the t hernia I :‘j -ar.iucc e t I ca t  Utt ’~~~

commonly encount ered In thermograms ot rcs ident i a 1 and indust ri .tl
st r u c t u r e s .
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Infrared imagery has been used in several r.-s ident Ia I en er gy  con—
servat ion p u b l i c  awareness programs in Canada and t h e  i n  it ed St a t  es in
hi’ last few years .  In most cases t he  imagery  a n a l y s i s  has been v ery

cursory with little attention to tacters such as atti c vent I Lit ion , root
p i t c h  v a r i a t i o n s  and roof emissivi t~ . CCR S has un d er t  . ik ct - t a pro i e c t  t o
examine what e f f e c t  these t a c tor s  have up on  t h e  measured roo t t empera—
tur e .

Nighttime aerial infrared dat a and day t inc photographs were ~~ t -~ m e d  f.
in the  spring of 1Q 7 7 .  Quest ionnait- es were  sent to  ap p r o x i n i at e l  v 1500
households within the test area and $00 responses were r e c e i v e d , image
analy s is  was car r ied  Out on the d i g i t a l  analysis equi pment at  CCR S.
This approach f a c i l i t a t e d  computer ca l c u l a t  ions of the heat loss m e c h an i s m s
f rom the in ter io r  ot the  house to the root ex t e r i o r .

From the analysis i t  was found that at t Ic vent i l at  ion c I t ~ic  ienc
is impor t an t in the de term I nat ion el apparen t  t o o  I t c’niper ~i t ure . I was

found that  a t t i c  v e n t i l a t i o n  efficiency could be determined from the
• ae r ial photographs f rom .t cons Ider a t  ion ot house st v i e  .u’id a ge , and the

presence of roof vents. Resul ts  01 model c al  cu lat  ions ot at  t i c I u su 1 at  ion
levels incorporat ing a t t i c  v e n t i l a t i o n  r a t e s  assessed f rom t h e  a e r i a l
phot ographs are presented . The’ model .‘a lcu 1 at  ions inc I ud I ug t h .’ c I t  cc t s
of a t t i c  ven t i lat ion , compared to t h e  result s obt a ~ned f rom a regress ion
analysis of apparent roof temperature  v e r s u s  t h erm a l r e s i s t a nc e  (R ~
value , showe d a two—to four  fo ld  improvement in  he exp I a i ned v a r i a t i o n
of attic therma l resistance.

— - - —~~~~~~ — —‘i-- ________ — -—-~~~~~
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11. BROWN, C. ~v2d B. icttey ’sson (1976) Pe’~ cot’vflg and una ?~izi~~’ bk i iJ in ~
~rsulati on defects by ~ tc therni ra~~~ method. Stoed: 8h N i t lona l
Autho r-i ts for Test in ~j ,  IflBpSCt ‘~: ~ nd M~’tro l ogy , P.O. .5605, S—~ J45C ,
Stockho lm, Sweden, 3~ thermograr~s, ~5

Thermography uses an infrared camera. Cold portions of a depicted
surface are seen as dark on an oscilloscope screen or on photograp hic
paper. When this method is used in Sweden for building Inspection ,
cameras sensitive to radiation in the wavelength range of 2— 5. 6  urn m d i —
cate the temperature dis tr ibut ion over wall and floor surfaces. By
taking the rmal p ictures (thermograms) in a building which has to be
inspected , and by comparing them with thermograms from a correct ly
constructed building of the same design, it is possible to assess insul-
ation defects (poor insulation work, air leakage, moisture damage).

Rules for interpretation of thermograms are drawn up at the Swedish
National Academy for Testing, Inspection and Metrology . The climatic
and other conditions necessary for getting reliable results are inves-
tigated . This method is now used as a routine instrument for building
inspection. A proposal for an international standard in the field of
thermography has been submitted to the International Standards Asso-
ciation.

12. BURCH , P. M. , T. Ausu5L1 ~~~J P . C .  F 1wn (19~ - ’) An i’~J
’r~ r cJ technL uc

for  hea t ross measurement. .V5: ~iona i Burea u o ” 5? darJ.n, P.’r ~’rt
NBS TN—933 , 44 r.
This paper describes a newly developed technique for measuring

heat—loss rate utilizing an infrared television system. A device called
a heat—flow reference pad was developed that makes it possible to
measure quanti tat ively the heat—loss rate through the surface of a
bui lding without a conventional heat—flow meter mounted on the surface .
Technical considerations for the design of a heat—flow reference pad are
presented . The infrared measurement technique predicted heat—loss rates
in the laboratory and field within approximately 12Z.

13a. BURXRA.RT, C. /1. (1976) nf rar ed t crmogra ~ hy of 4~~~~~ 2~:s. Cio f
Engineeri ng Technica l Ecpor t. ~~~. S. Co5zat Cuard I~ - 5Iquarter~ ,
Washing ton, DC, CF~R-1, 9 thermo~j ra nia, 12? ~~~.

13b. S9IJ RXRART, 5. 11. ( 1976)  I n f ~’arod thermog~~ p hy of bu i?d:’ngs . Co~:st
Guard Engineer ’s i) ige’s? , & ‘C— J 3 . ~, So. 19 12, 4 therr ’~ir:s , r . 9— 129.

Recent international concern over energy management and utilization
has led to the accelerated development of practical applications of
certain techniques which had previously been of concern only to researchers .
One of these techniques is the ab i l i t y  to detect infrared radiation using
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super—cooled semiconductors. Through pioneering efforts in Sweden,
the concept of infrared thermography of buildings has developed into a
powerful tool for energy management.

The key word is “tool.” Thermography provides valuable information
with a depth , speed , and quality never before possible , but it does not
solve energy management problems by i t se l f .  It is a “qualitative” tool.
It indicates exactly where heat losses are occurring, and gives a very
good idea of the relative magnitude of the loss . . .. but it does not
enable the user to accurately quan t i fy  the absolute loss.

This repor t discusses the theory of thermography and infrared
radiation , explains how detection is accomplished and why it is indica—
t ive of temperature , tel ls how to survey a faci l i ty  and outlines the
nature of the information such a survey will provide , and generally
describes the tool to the extent required by the Coast Guard facility
manager .

14. CARNEY, J .C . , T. C. Voge l, E.R. Love and G.E. Howard (1977)  Inter-
agency energy and environmental survey. Geographic Information
Systems Division, U.S. Army Engineer Topograp hic Laboratory ,
Technical Report , 15 thermograms, 58 p.

The results of this survey demonstrate the feasibi l i ty  of using
multispectral remote sensing techniques, whereby a U . S .  Army Faci l i ty
Engineer can reduce the number of man—hours current ly required for
energy and environmental assessments. These include detecting building
heat losses and deteriorated insulation invisible to the human eye ,
performing electrical inspections under full operating loads, and moni-
toring environmental conditions on a successive annual basis. This
survey method , developed during the winter and summer of 1976, employs
a hand—held infrared camera and color conventional and infrared aerial
photography .

The thermal imagery is used in conjunction with color aerial
photography to detect energy losses and defective roof insulation. This
imagery should be obtained during the winter season on a 2—year cycle, 2
to 3 hours after sundown at a scale of 1:4,000 and 1:20,000.

The color and color infrared photography aids the Facility Engineer
in the analysis of the thermal infrared imagery , provides a source of
information for establishing a baseline of environmental conditions for
future comparison, and monitors potential environmental problem areas.
This photography should be obtained simultaneously on a 4-year cycle ,
between the hours of 1000 and 1500, at scales of 1:10,000 and 1:20,000.
During the first cycle, the photography should be obtained In conjunc-
tion with the winter thermal infrared flights and repeated during the
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sunQnet- season. 1’he photography and tnt a rod Imagery shou ld  a 1 w ay s  hi’
acquir ed In ~-Iear wuether.

thi’ hand—hia Id tnt rat-ed arni’ra .au dot e~ t t lie -xa.- t 1 ~‘. at  I otis o t
(‘nurgy I ossee and roOt areas t ind er  l a i n  w I t  h wet I nsu I at  I on a I t et t h ey
appear 4 n t he ae r ia l  tn t rar~ tI Imag ery . I t ,-an a I so be u sed 1 o ~~i t i  vev
c’1~~- tr ical d tstt- (but ion systems • di’tei-t heat I osses t hrou~ h hu t h i t  ug
w a l l s , and m o n i t o r  steam t in e s .
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A t  rbornu  I iii t-ared Imagery ol a tot ’ I shout ! ii hi’ In t he s~’ei - I t  a t  t ’and
I r out about .‘ to about 16 ~i • plo t e r ab Iv  I rem about  8 1 i’ I 4 . Rt ’o I
p~ it I one ~or respond I ng I .‘ at eas ot anoma Ions t a d  tat I on w h I cli - t e pot en —

I all \ me i at t i r e  I adcu egs 01 t he too I ate I oeat  , ‘~i . l i e s . - too I pot-I I Otis
where I he re~~~nce 0 I sub~ ur I a t e  no 1st tire Is eon I I ruied by .-o I ng ot
other tnspe ’ tion procedure s  are  1 I t t ’tt t e~~ I red

0. ‘~‘5k ~X , C. -I .  , . -~ -
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In lesponse to  ri’ques I a 1w t lit’ At 1 ant I e R eg I o n  • tw o  t h er mograp l i  Ic
Invest I gat I ou~ wet- c t-arr I oil out to assess prot’ I ems o I heat  loss I hrough
t he  exte r I or wal le of th e  Con I eder at  I on Cent  t e  i n  Ch ar  I o t t  i’t own.  The
I I r s t I nv est I gat ion , 7 ~~

— 01— .’ ‘ t o  .‘ 7 • i-ou t  I t-med t he s ever It v o I t lii’ p rob I ems
e ausod by 1 ack ot Insu I at Ion • a I r  I oakag ’ , and t hot-ma I hr  I dg 4 ng . A
(It’i~ 151 Un was titade to t’Una t. tui - I a scieiid (‘Ut ’ I OSU EI ’  5\  51 out on t hi ’ Inst di’
of t he ext at tug wa 1 1. The new w a l l  W8s tn t end ~‘d t i ’ I n. t e a s t ’ t he t hetma 1
roe I stanee 01 t he  i’nc .Iosure and t o  l~r .~v I dt’ an . 1 1  et’ t I vi’ a t  r s’a 1 . The
second I nvt’s I I get ton , 8 — 0  t—0.~ to 0 

1 
• ~.-a s .It’s I gited 1. ’ as s.’ss t he pt’t- —

I orman,.’e ot one wal l w (lit ( I to  si’. . ’i i t i a i v  sv s ( t ’itt I n  p 1 ii ~~~’ . r h ’  I twos 1 1 ge—
1 ton showed that the o t t  ccl  I vu I heruta 1 te s 1st ane 0 ol (iii ’ t.-a I I  had b(’t ’Ia
I t ic teased I Eve t ol d and t ha I a t  r I ‘akagi ’ through thi’ w a i t  had been to —
duced t o  a 1 i’Vi’ 1 w hi’t— i’ It could not he d Is . - v i ned I hi’ i m o g r a ph  I. a 11  v
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A therma l m e g  ing system , I liii Magnavi’x AN / PAS — I Point Pet ,‘e I or /
Scanning M I  tro t  h an d—h ul  it viewer , was tisi’it I or a si’r I i’s i’ I t t ’st s t o
measure hot spot s (ot heat I osa ’s ) In a sot i t  em’ rgv hi ’a I I n g  sy st e m , on
t h e  ext i ’r lor et a nuts lug homi ’ , on a c ou r t  iieusi~ and a % i ’5 t deni - .’ • and on
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powe r l i n e  tr ans iut -me ’ra  and subs tat ions .  I t  was concluded tha t  the AN / P AS—7
provIdes valuable Informat ion  to aid in the evaluat ion of thermal systems
l’i’causo 01 It s  p o rt eb i l it y ,  ruggedness , wide  f i eld  of view and adapt—
ab (1 E l y .  It t’an also be an Important tool for use in the evaluation of
so lar energY conversion systems and could be especially useful for the
ova Luat ton ot solar h eat tug and cool. tug demonstration sites.

‘5. • ‘I~Ah~k) N , A’. H. ~‘0 ’5 ) Inf ’i~n’’J th ’rm ’gra ~’h~, :‘n a p ye:.’a/ r iant
- t i~;;. 1:.- r”i. ‘u, ~‘:e~ I . ~

‘ :‘i’e t Na f ona  1 Conf er enc e on the Cap abi 1 —
~ ~~~ ~~~ : : t a ~ ‘r ‘h,’rnti .‘ I ,t f rar t’d 5,’)Ut ?,I~ ]‘.-Oh~l.’ ?o0~l C

!-‘,:,~r. :, C~’~uj,,a va ~ ; )~~ C? ’ l’al’la , ¼ ’1.8 ~ t . t ~iOo~ a , I , ’,t n.’ee, ’, ’, p 0— 2!  Sell_
0 • ‘h.- An , -r ~‘a’~ ‘.‘ : ~ t~. ‘ _O P hi ’to ~ra71ene try , 105 Vtrgtn~ ait ? , .,~~~~~

‘ ,‘ -
‘ e • ‘h:a’~’1~. t : t ’ ~j 
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‘l’ho campus et Cornel l  tt n i v e r s l t v  is poss ib ly  the  most thoroug hly
t hurmographt ’d large  physical  p lant  in the count ry . Two complete aerial
sc ans . ianuarv 19Th and November 197b , have been conducted , each covering
more than 700 acres of campus w i t h  .~~~ stiles of directly hurled steam
l I n e . In .udditlon , each of the 400 major bu i ldings has had the sidewalls
scanned at least once. Several bu i ld ings  have been scanned a second

(me at  tar attempts were made to decrease the heat flow through the side—
his.

‘I’It ts  paper t e l l s  the whole s to ry  w i t h  b e f o r e — a n d — a f t er  thermograms.
I t  d t s t ’uisses thL’ value ot usIng aerIal thermography for surveying buried
st e am — l i n e  condItions , lot determining insulation effectiveness in
rooftops , and for  ot her not so obv ious uses such as dete rm in ing sour ces
of therma l. drainage outI low. A l s o  discussed is the value of bu i l d I ng—
s (ttowa 11 t hurmogr ams . Wh at  is done a f t  or seeing the p ic tures?  What
methods ar e o t l o c t i v e  In -ont r o l l tng  s idewal l  heat loss? Is urea
t o rntal d y hydu l oam insulet  Ion ot fe c t iv e ?  Are r et  lect ive panels behind
r ad i a t o r s  o l t ec t i v e !  How is qu a n t i t a t i v e  measure of he at  loss obtained ?

Thermogram in te rp ret at ion  Is discussed — What arc the pitfalls?
Who shou ld do the in t e rp r et a t i on ? Can thermograms ho accura te ly
I n terp re t ed ? is it  cr i t i c a l  t o  make a “g r ound—tru th ” survey?

Theso questions and others are answered based upon the Cornell
expe r i ence .  Anyone Involved in the phy s ica l  f a c I l i t i e s  area who has

- a d e sI r e  to t  knowl edge of this survey t echni que w i l l  b e n e f i t  f ront the
di~ i’us~~Lon .

10. ‘. ‘!~ ‘Ci’P , C. ~~
‘
. ( 10, ’’ 1 i’!’, zn , ‘n.- i’~~, .—~ut’: ‘,~UO ue inq therP?k~ 1 :r&2.:~’r:i .

~~~~ -i”:. ,’:,’,j,; C..’f.-t:~ ‘C • ‘:
‘O /  / ~~

‘ in.’er$ i’r.-1’7’:nt :‘0.’~:~.

This  report desetibes the  problems ,und results  ol an airb - ’rn e 1R
survey whose ~tu~poso was t o  o b taI n  par amet ers  r elevant  to 1) ~~u’ current
st i ltu s  et energy use , or .‘ )  tiw detection of chan ge in b u i l d i n g  heat ing.
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A m i l l  t at-v surplus [K scanning sv st isu and matipowor in  I he 1 o rut o I a

graduate class wore used to study s It i ’S  at the  Un I ver s it t ul W;ish I ngt on
and the C i t y  i t t  Seatt to.

The 11KB 81 nger Mt/MS l 4 operated In hot Ii the I— ’, and 8—1 -~ t i bands
and had an angular r esolut ion (1 F0\’ ) ot -~ m ill  I rad tatis . ‘1’lii’ sut vev s
wore f lown at. U t gltt and Inc l uded homes of a ll ages and t vpes hut wit 1i
predom inately .- edar shake roots. Several 1trai ’ t I cal  cons tdi’r~ t b u s  I or
lb is type of survey are tha t :  I the scan angle should be loss t han .‘ ‘ t

to 30 degrees; .‘ ) the ground reso 1st ton shou ld  he I tom 0. S t it I us ;

I )  the I ly lug height above ground I OVO I shotu Id he 1000 f t  ; /~ ) t he ground
couid i t  I on cal ibrat ion requires t h e  knowledge 01 insulatIon H value’s and
Inner  h it (I ding I umperatutes lot a m inimum of two bit t Idings I Or O V( ’ t V  .‘

I n il us o t line I lown

Ptott louts discussed were 1’) I og ; .‘) wind shadow o tt oct s ; I) v a t t i n g
slope d I stances which change seal o and t h e  sut f a ce l ook a t e a ;  4 ’) heavy
plan tings of sh rubs and t i-ct ’s which obi Iterate but Idlngs and make
cit l i b ra t  ion cent ran t sct t  tugs dl itt cult . Results el the  survey were
pri ’~ e’nted as a I Eve—levi’ I eat limit e 15V1 t , F, 1’, Vi’) of e f f e c t  I vi’
tnsuiat ton t I heruta I. resistance) for each itu I 1db ttg. Survey comnht’nts
desi’r ihe add It b u d  observ at i ons  such as : 1) loss ft-em exhaust vents
.‘ ) s ides h i  no ; 1) out It nsa •tJ 1 1 i ewa u s  ; 4 sk -~- l I ght s SI and open smoke’
l ouvers.

R’commendat Lotte t or act I al s u i t e ’  I l l  ant - i’ I or heat loss stud Ii’s a ii’
itr~ sented aboitg with a suggested I orittilt t o r site.’ it li -at I ens 1 ot ai’r t a t
detect ion ot thermal t n t  i’~u t -i’d r a i  b e t  I on .

- :‘-i - - . - ;  
-
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iloit I losses are expuuus Eve and energy can ht ’ i-o nse’rved and monet
saved 1 the I usaus can be locat ed • VANSI’AN dot Ot ’ t s ,‘fli ’ t g v  1 oss i~ritb t OutS
and gIve s  a pt ’ruianont p i t -lu r e  ot wht ’rt ’ t hey occur , ~ in s  a i’ompa i-at I ye
scale’ ot t heir thermal sever itt. Tb ’ savings are both l uimed I at e and
long— range through t he uSe ot thermograms to r e s olve  ma tot prol’ I ems anl
p Ian future ma intenance programs . Tb Is Is I 1 lust r a t  Oil 1w a nut vets It v
complex t h a t  i’xper icuced annual energy Ii ’s sos I t etut w a l l  —mou n lt ed tad t a t  ors
The two wit Ito areas on t lie t hermograu’i I nd I cat  oil t empera I nrc ’s f r i  ox c~-ss
ot 43 “ F wher e two ot he t a d  I a toe - s Were ’ mouti t i’d on I he ’ Iris Ide ’  wall .
tw o h i g h  hoe t loss a restS on the out s Ide hi- h-k wit 11 tog I s I eu Oil ‘t .’~~I w i t  it —
an a it t t’uipera lure  at  30 “F! Tb I s Is t vp he a I of utanv norma liv ~tihiIi ’ I eel e.t
Itea t I oases t hat occur around campuses whi t i’h , a I though small on ait
I n d I v i d u a l basis • amount to a la rge energy del lar waste’ .t ’i I eel lv,’ lv
over each heat, tug season.

11)



The VANSCAN thermograms arc c o n t i n u o u s  s t r i p  p r i n t s . not f rame ’s ,
c reated as the vehicle &-u n t a i n ing  the 1K scanner moves around t h e
f a c i l i t y  to be surveyed . The scanner has a r e so l u t i o n  of I In. ’ .ut
a range of 100 f t  and is equ ipped w i t h  a gyro  s t a b i l i za t i o n  sy s t em  t o
cor rect dis tor t ions  caused by I n s t a b i l i t y .  The me’asurements ar t -  recorded
on magnetic tape ; and through the use ol -1tatentod data  proc ess ing methods ,
p recisely temperature cal ibrated , color—cod ed p o s i t i v e  s t r i p p r i n t s  are
extracted . A series of thermogram image s t r i ps is p roduced f o r  det a ih ’d
inspection.

20b. DA E1 ’ALUS ~‘NTE1ii’R iC~C (1~ ‘C) 4 ~.‘~zs “; t :‘ ‘ae ‘:o ~ :‘ :1 ’ ‘i”:. - :, i’? ’:~ :i’:~ ’ ~~~ ,.

l ’,i,’da 1748 b’~ i’~’~ ’!i7~ 
-
~~, 1 ‘~~~‘ • , 1’. • . i~ ‘~~~ ~~ , -i ~~ A~•l~.’~•, ~~~..h ;~:‘:

An airacan survey is normall y pe r fo rmed f rom a twin—eng ine aircraft
car rying both a standard mapp ing camera for  ph otograp hy and a Dueda lus
DS—12 10 quant i ta t ive  thermal in f ra red  scanner for heat loss measurements.
Coverage of a f ac i l i ty  is accomplished by l i v i n g  a set of over l a p p ing
parallel flight lines at a nominal altitude of 1000 t t  above t he- ground .
The thermal infrared measurements are made at n ight  to eliminat e the
e f f e c t s  of solar heating . The measurements  are norma l 1 made when the
ambient air t emperature is below 40 °F and when the r o o t s  art- eSse-ut t a l l y
f ree of snow and water.  The precise Interna l c a l i b r a t i o n  sources i ’t t he’
DS—l2 lO scanner are adjusted by the operator i n — f l i g h t  t o  b r acket  t iw
total temperature range of the facility being surveyed . All ot  the
thermal m l  rated measurements are recorded •ui magnet  Ic t ape - t or subsequent
processing to thermograms. The data are produced In  both b l a c k  and
whi te  and digicolor  q u a n t i t a t i ve  color—coded thermograms . Eat -h ot the
types of data is processed as a continuous strip thermogram I or each
f l i g ht l ine ,

A reference aerial photo w i t h  ove r l ay  p rov ides  locationa l i n f o r m a ti o n
on bu i ld ing  layout and heat d i s t r i b u t i o n  l ines  covet- i’d on each f l i g ht
line . It  is used for determination of the v isua l c o n d i t i o n  of b u i l d i n g
roofs and correlation with the infrared  thermograms . A b lack  and whi te
thermogram prov ides total  r ange of r a d iat i o n  t e m per a t u r e  in  a black and
whi te  image forutat, It is used as the primary tool in detect tug high
losses f rom all  heated surfaces.

A Digicolor Thermogram Range 1 provides q u a n t i tat i v e  data in the
“cooler” temperature range. It is used to determine heat losses I tem
roof surfaces in the “cooler” temperature range. A Digicolor Thermogram
Range 2 provides quantitative data in the “warmer” temperature range.
It is used for determining heat losses associated w i t h  heat  d i s t r i b u t i o n
lines and analysis of “warmer” features.
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The Remote Sensing Institute and the Minnesota Energy Agency worked
to gether to produce this manual In an e f f o r t  to make easy—to—unders tand
information about an aerial infrared flyover program available to
those considering such a program . The Remote Sensing Institute con-
tributed experience and technical expertise , while the Minnesota Energy
Agency provided Information based on experience in conducting aerial
infrared programs in 27 MInnesota c i t ie s .

The manual was written to gather available inforriation about
existing aerial infrared technology and practli-al experience gained by
those who have conducted aerial infrared programs. It does not purport
to present new research, but rather is a synthesis of existing infor-
mation. The manual is divided into the following sections that describe
the basic steps needed to prepare for and implement an aerial infrared
program :

1. Survey and d1~aemination program planning Including
site selection, costs and determination of scope

2. Data collection considera t ions

3. Data collection equipment options

4. Output products

5. Data dissemination

6. Program evaluation

Also included are four program examples.

2/~. EVE ’N, .4. and C. T. Tirw le~j Second 1 p i t ,  -r ir r ~ ,“. ~‘hn ~~ ‘~~ / R~ 
-
~ 
yr  ~ on 1~SAF.4

Solar 1’~’st Houes. Civi l and Environmenta l i’~: 1 P ’ t ’I ’ing l ’e - r ’ .- ! . ’ornent
Offios , Tynda ll Air Force Baae , l ( ~~~ i(t ~~~~~ ‘J’, ’JV i~~.1 ’ tue -port
TR— 7?— 34.

An AGA Model 750 system and color monitor were used to survey solar
panels at the U.S. Air Force single—story Solar Test House at the Air
Force Academy in Colorado. Both a ground array and a roof array con-
sisting of 14 liquid flow flat plate collectors with glass covers were
analyzed. The following conclusions were made about using thermography
to ana lyze solar panels.

Wind can a f fec t  the readings on the thermograms ; therefore ther-
mography should be used at wind velocities less than 15 mph. Glare  f r o m
the glass surface of the collector can cause Inaccurate readings . The
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the rmograp ttic readings W e’tc of the glass itsu -I I and may not exact lv
ind i ca t e  the  t empera tu re  ol the absorber surt ac-c below .

l’he to I lowing results were ’ oh ta (ned from the’ t he’rmcgraphlc ana l vs is
of the panels. Colo red thermograms showed met - c’ e - Ic ’ar lv the  var ious
at- cas o t changing tumpe ’rat tires than black and w h i t e ’ t ht’rmograms , and
proved very valuable In cor re la t ing  the ’ thermograms to the a c t u a l
measured temperatures. Accurate corre’lat ion between the’rmogt-am apparent
temperatures  and temperature sensors could be’ made’. A large air b l o ck a g e
In one of the groups of four p anels  in series was detected by thermog-
raphy . Reversed f low in the last, group of  t our pane Is  was du ’te ’ctc ’d by
thermo graph y even though the t emperature’ sensors indicated no reversed
temperature readings.

Thermographlc analysis It’d to a decision to cut the’ t~ low ra te - in
h a l f  , and subsequent thermography stud I c’s showed a not -ma 1 I low pattern
and temperature dI~ trihutiou result tug I tem this change.  A balanc tug
technique to reach higher ot tic~ ienc ies was per t  ormt ’d using thermography .
Thermograms showed tha t  the p lumbing  r ae - c-way s  were ’ very l a rge  sources of
energy losee~. A f t e r the racew,ivs were’ insulat i’d, thermograp hic anal  vs is
indicated decreased temperatures and lower edge ’ h eat losses f r o m  t h e
collect or arrays.  Thermograms a l~;o m d  I cat e’~l that the’ f l ex i b l e ’  t u b  tug
feed ing the ground array also needed to he’ in su l at e ’d .

Thermography was also used suce - e’ss l u l l V to monitor the’ I I I I  ect ion
of urea l oam tutu the bu ilding walls. Only one s ma l l  ar ea  t inder a
window had to be redone due to poor f i l l .  l’hcrmographv also detected
the fac t that  two moveable panels undet- some of the window s we’re ’ poor lv
insulated and resulted En these panels bet tig rep laced w i t h  I nsu l,u t e’el
sandwich panels.
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The infrared  method I~ an Imp ort ant too l in I I itd I ug heat Los st’s i t t
houses. In cou nt r ies  In which i t  Is use’d mere’ , the studIes are ea r r I i’d
out more c a re fu l ly .  A quta l  I t a t  i V t ~ buIld lug test should he c-ar :  Oct cut
by a bu ilding specialist , but this requires bett er knowledge’ ct bu i l d i n g
physics tha n h -e s been the ~‘ase tint I I now . Tb is report  a 1 Sc’ e’Xp Ia I t t 5 I he
fu ndamentals of the infrared t e’c~ hn ique’ and the’ mode o t opera t ion of a
heat p icture camera .
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Surveys conducted during the last tew winter seasons have demon-
strated that airborne thermography is a viable technology In interesting
home’ owners in energy conservation . These surveys are essentially an
extension of techni ques developed for the military but adapted to large
area surveying f o r  heat loss d et e c t i o n .  Improvements arc’ being made
to provide better technology and/or lower cost per unit surveyed , and to
make i t  easier  to trangier information from the thermograms to the
individual bu i lding owner. The’ main advantages are that airborne therm-
ography c-au provide a n e a r ly  synop t ic - overview of large areas (e.g.,
entire cities) thereby giving a u n i f o r m  level of Informa t ion to each
bu i ld ing owner w i t h in  a shor t t i m e , The’ overhead techni que a l lows
perce iv ing  b u i l d i ng  components wi th the hi ghes t rad ian t  energy loss
potential.

The p r i m a r y  problems enc-ountered inc lude the relatively high costs
of equipment , i ts  maintenance and &-alibration , and operational and
interpretation problems which Inc lude weather , roof obscuration by
trees , roof pitch angle, variable roof materials , att ic a i r f l o w  and
c~ther building nun—uniformities. Of extreme significance is that
thermograp hy records rad iant energy , not temperatures and not Insulation
values. Research is required , and will be forthcoming , to develop
Improved methods of involving building owners in thermogram inte’rpreta—
tion , acceptable emp irical methods for  de termining roo f hea t loss (hack ed
by theory proven by use), improved specification education to prevent
inadequate surveys from being condu ct ed , and development of qualit y
contro l methods.

Properly applied , airborne thermography will eventually be used as
part ct build ing code enforcement and as a specific component of energy
audi ting . In the interim , however , contr act preparation and quality
control parameters will continue in confusion. Additional studies will he
conducted for heat gain (as associated with air conditioning) ; but such
studies will be criticized for the poor equipmen t us ed , i nad equa te
number of variable conditions studied , and l imi ted geograph ic app lica—
bility, and they will not be authenticated by ASHRAE .
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The prevalent method of using visual means to d e te c t  moisture’
within the insulation of conventional built—up roofing systems and
subsequently cutting into the membrane for ver i f i c a t ion has provided a
largely useful but localized view of moisture damage in roofs. Experi-
ence has indicated that utilizing this prct c’t-dure destroys the integrity
of the membrane , invalidates warranties , and often le’ads to misinterpre—
tation of roofing problems . The development of roof thermography has
provided a means to detect , and accurately map, subsurface’ roof moistur e ,
and promises to play a significant role lit nondestrue’tlve testing of
roof assemblies. Steady—state conditions , complexity of roof assemblies ,
and sensitivity of roofs to moisture and env i ronmenta l  c’ondit Ions pose
interesting problems .
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26. FISHBURN, D. C. (1978)  Roof thermograp hy .  The Specification
Associate, January /February 1978 , Ontario, Canada .

Roof thermography is being chiefly promoted in three areas of
building problems:

1. Quality control for new roof construction

2. Preventive maintenance for existing roofs

3. Assessment of thermal performance of roofs.

Roofing failure represents approximately 25% of all civil actions
against architects, and the cost to building owners amounts to millions
of dollars each year. Roof thermography test procedures are proving to
be a cost effective method for the protection of designers and building
owners. Thermography provides a quick, reliable method for qualifying
roofs prior to acceptance and ensures that the roofs are left without
deficiencies. Thermography also maximizes roof guaranties by providing
a precise up—to—date check of the roof prior to termination of guaranties.
Early detection and correction of leaks usually eliminate latent
defects associated with moisture migration, which are normally excluded
by warranties .

Infrared findings permit repair or replacement of localized roof
defects at a considerable cost savings over the common practice of re—
moving all or large areas of roofing. Since the amount of damaged
insulation can be predetermined, it is possible to establish repair
priorities so that realistic budget levels can be established and best
design approach arrived at to resolve roof problems.

The thermal upgrading of roofs is an important method for reducing
energy requirements. Thermography can assess the heat loss of existing
roof s and has proven effective itt evaluating new roof designs and con—
struction techniques.

A typical roof thermography specification format is:

“Upon completion and closure of building , and prior to final
• inspection, conduct a roof thermography survey to determine quality of

roof construction and to detect excessive heat loss.

“Operate heating or air—conditioning system as required at time of - 
-

survey to create a minimum temperature difference of 14° C between
interior and exterior of building.

“Engage an independent roof thermography consultant company employing
trained infrared camera technicians using a Model 750 infrared camera 

- 
-

manufactured by Agatronics Limited of Sweden, or equal; conduct survey
from exterior of building during environmental conditions as determined
by the thermography consultant .

15
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“Within eight working days of the survey , submi t a written and photo-
graphic report of root condition to architect: Conventional photos , 3 x S

Pola roid or equal , shall accompany inf ra red  photos.

“Repai r or replace an\- root component found defec t ive  by the roof
the rmograp hy survey . U pon completio n of remedial work , p rovide addi t ional
fel low—up the rmograp hy as required to ver i f y correct installation. ”

:~ - ~~ - 
;
~~-rr~ ~~~~~~~~~~~~~~~~~~~~ .‘~flc ’~’ : : ~~‘~ “~ 4 .~\’ ~ •
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Wall  t hermography is being ch ie f ly  promoted in two areas of bu ilding:

1. For quality control of new wall construction

.~~. For the thermal upgrading of wa l l s .

Physical damage, poor wor kmanship , and high humidity levels during
construction can impair wall performance from the beginning . Thermography
prov ides a quick , re liable method for  qual i f ying walls prior to acceptance
and ensures that trades are doing their jobs properly and that  walls  are
l e f t  w i t hou t defects. Wall  mater ia ls  and workmanship gua ran t i e s  are
max im ized by p roviding a precise up—to—date  check of walls prior to
termina t ion of those guarant ies. Thermal scanning reveals the effects of
moisture control , j o int ing, and sealing methods.

The rmography is ideal for therma l upgrading and main ta in ing  a hi gh
standard of quality control in the re—insulation of existing buildings .
Infrared pinpoints poor or uninsulated wall areas, wet insulation , leaks
through windows, and breaks in vapor barriers. Thermography locates
cavities and blind wall spaces for injection of insulation.

A typical wall thermography specification format is:

“Upon closure of build ing and prior to final inspection by arch i-
tect , _________ shall be appointed to conduct a thermography survey to
ensure that thermal integrity of exterior walls has been achieved .
Survey shall be conducted while heating or air conditioning sy stem is in
operation and when dictated by atmospheric conditions and as determined
by thermography consultant . Within eight working days of the survey,
submit a writt~~ and photographic report of wall condition to the architect.
Conventional photog, 3 x S Polaroid or equal , shall accompany thermogram
photos.

“The general contractor , to the satisfaction of the architect , shall
repair , replace or make good any wall component found defective by tIe’
wall thermography survey , and upon completion of remedial work , provide
additional follow—up thermography to v e r i t y  correct i n s t a l l a t i o n .”
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28. GOLDSTEIN, R. J .  (19 78) App lication of aerial infrar ed thermograp h~,
to the measurement of building heat 2o~s. ASHRAE Transactions
1978 , Vol. 84 , Part 1.

The possibility of using airborne infrared scanners to measure the
heat loss through the rooftops of buildings has been examined. Even
considering one—dimensional quasi—steady heat flow through the roof , a
perfect scanner and no absorption or emission in the atmosphere between
the aircraft and the ground , a number of variables could cloud the results
and lead to ambiguous interpretation . This is true even on a relative
basis assuming fixed sky temperature and fixed ambient air temperature.

One of the important variables that determine the surface temperature
of a roof is the local wind speed. Other variables are the sky tempera-
ture and (if present) ventilation beneath the roof. These could over-
shadow the in! luence of the roof—structure thermal resistance on the
surface temperature.

Uncertainties are also present in the roof temperature measurement.
Slight changes in roof emissivity do not have a major effect on the actual
roof surface temperature. They do, however , have a significant effect
on the apparent roof temperature as measured by an Infrared scanner .

The results of the present study do not indicate that there are
no applications of aerial, infrared scanner measurements for determining
building heat loss. They do, however, point out the care that must be
taken because of the large number of parameters that can have a signifi-
cant influence on the measurements. They also point out what the app lica-
tion of such measuring systems for roof heat loss will work best with
roof surfaces which are homogeneous and horizontal , so that the varia-
tions in the surroundings do not affect the results.

On a uniform surface, Infrared scanner results are valuable in
finding discontinuities in roof surface temperature. This includes
ef fec t s  due to open air vents , heating lines close to the roof , local
heat spots within the st ructu r e near the r oof sur face , and local regions
within the ceiling where there is not s igni f icant  insula t ion  or where the
insulation is damaged.

Application of the technique to measuring d i f f e rences  in heat losses
from individual residences would not appear at present to yield good
quantitative reaults. If the emissivity of a roof surface as well as
the micro—climate near a building were known, it might be possible to
get qualitative information on the relative heat losses from individual
buildings; at least a comparison of roof structures with very low thermal
resistances to those with moderate or high resistances should be possible
when the wind speed is small.
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A two—stage program t or  -Aet er min ing  the a p p l i c a b i l i ty  of va r ious
remote t hermal scanning systems fo r  d e t e c t i n g  heat losses in b u i l d i n g s
is described . The types of instruments which  were tes ted  were h igh
resolution thermal imag ing systems , low reso lu t ion  the rmal imag ing sy stems ,
thermal line scanners and po int radiometers. The t irst phase of this
project consiated of inserting known building detects into a specially
designed room at the U .S .  Army Co ld Regions Research and Engineering
Laboratory and having a representative ot t h e ’ m a n u fa c t u r e r  of  each tYpe
of equipment inspect the room at three temperature differ ences across
the room envelope. The second phase of t h i s  p r oj e ct  cons i s ted  of a
f ie ld  evaluation of those same instruments in approximately Ii) cities in
cooper ation wi th  a weath er iza t ion  program for  low—inc ome hous ing sponsored
Lw the Communi c~- Services A d m i n i s t r a t i o n  and d i r e c t e d  by the N at  ional
Bu reau of Standards . The’ goal of t h e  second phase w ill be to determine
the cost effect iveness of various remote therma l scanning se rv i ces .
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Ret r o f i t  measures ~a si n g l e — f a m i l y  d we l l i n g s  are considered an
important part of the overall U . S .  energy e-onse~rvat ion program. Thermog-
rap hy was used to evaluate the e’tiectiveness 0! a number of dii Icrent
retrofit measures normally available to the’ resident—owner. In this
stud y ,  a group of town houses were selected which , i t  was suspected ,
would bene f i t  by commonly available r e t r o f i t  measures. These - houses
were thermographicallv inspected before and alter var ious  r e t r o f i t
measures were taken to increase the tightness of the dwellings . These’ - 

-

included caulking of windows , door s , and e x ter i o r  cracks as well  as
increasing attic insulations from thermal resistances R—1i t o  R— W.
Thermography was found to be an effective tool for evaluating t lu’se
retrof it measures which decreased the energy consumption by about ~~~
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Harding Insulation of  Minneapol is . Minne sot  .e , u t  i i i  :es an t n t  r ared
inspection service (Energy Conservation Consultants , In c . ,  Blooming ton ,
Minnesota) t o  stimulate its  sales and convince homeowners that t hey
are get t ing su ff i c ien t  and proper i n s u l a t i o n .  Minnesot., was the t irst r
state to pass a bill fo r “Design and Eva lua t ion  Criteri a for Energy
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oLISt -rva t ion  in New Bu I 1dlngs .1~ wit I cit ~-a ii s t or al l new home-s to be.

insulated to prescribed performanc e standards. A sugge -st ion tot t h e ’  use
of the rmograph ic  i tisp~-c t iou of all t oamt-d— in—p lace urea t ormalde-hivde
in s u l a t ion  in s t a l l a t i ons  has been issued by the B u i l d i n g  Code I) iv is ton
of M iuuu~ota l)e-partuteut of Admin 1st r a t  i o n .  I h e ’ c i t y  of  Roche-st er t~

- i l l
not  approve’ s tnt I lay in s t  a.! Ia t I ens u n le s s  and t in t  ii t hey are - t he-ruto—
g rap h i c a l ly  in sp ec ted .
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• R~ -t ro t  it. measures in s i r.gle — t  am i i v ~twe l i i  ugs a r e  cons idered  an
impor t an t  par t  01 the overall I . S. I- tie r g v  t eus~-r \ -a t  i on Prog r am.  T I tt ’rutog—
raphy was used t o  evaluate  t hc e l i  Ce t i Vt ite~’s o t a uumbe -r of d i t t  er ’nt
r et  t-o I i t  measures Itorutal Iv ~l V . I  1 1 .ti’ Ic 1 0 the res i d e n t — ow n e r .  In t ii is
st udv , a group 01 t e~~~ii houses was ~~~ 1cc t e d  wit i cii * i t  was suspe~- t ed ,
could be~ c t i t  t ’v c ou~tonlv av., i lab 1 c t ~ t ro t  i t  measure s  . Thes~’ houses
wer e - t het-mogreephical iv inspe -et ed bet ot e- and at  t e ’r various retrot i t
measures were pi -i t o rmed .  l i e  rnogt  i~-hv was I ound to he an ~ I t  cc t i ye too l
I or c-valuating t hese’ t e~ t t O t  I t U t a ~ U I e S  tdt t c -it dcc teast ’d t h e  energy eoit—
sump t ion by about .~~“
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A e-omparison of s t r u c t u ra l  iwa t  loss t -st  (mates  ot  iS test houses
based on i I) standard engineer tug •~ud i t  , t .~) a i rborn e  tnt rared and

) ground t r u t h  muasureui -nts  ~ut i i i  I ng d i g i t a l  con t t~~ t t itetlitOtite ’t e rs~
shows a remarkable degree of cot -respondence’ between in I ra red and ground—
level estimates otT loss f r o m  r o ot s ,  w a l l s  and windows.

Facto r s which we-re t aken  i n to  account in the calcu la t  ions ot t h e ’
a i rborne audits  were is t o l i ow i~:

1 . Thermal resistance ot the  sur fa~-e a ii- f l i n t  a long  root s , w a l l s  and
windows .

Wind velocities and direct ions acr oss  the ’ bu t  Id i ug s u r f  aces at
the moment the thermal image is obtained .

~~. Emissivity ~.L~sor l ’t i vit v ~ and r et  lect atice of the but hi lug
surfa ces and surround ing ground env i ronmen t .
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4. Radia t ion  e f f e c t s  of the sky , ground and nearby buildings on
the measured surface  t empera tu res .

5. Wet and dry t empera tu res  (dew p o i n t )  of the a i r  envelope ’ sur-
rounding  a s t ruc tu re .

t .  Viewing angle of the i n f r a r e d  camera and the -  scanned s u r f a ce
plane.

7. Residual  therma l storage from previous dayt ime sun exposure .

These elaborat ions w i l l  be subs t an t i a t ed  and documented In more
detail in an interim report to the Department of Energy . The ramifica-
tions of this finding should be important for expending the use of air-
borne audits in comparison to alternative methods of calculating energy
consumption from buildings.

.-~4. !~l:AR:’ , W. ( ~~~t-~)  A :~~~~ i ~~~~~~ ~ i~-r’-~.: ~~ rz’~
- -
~ ~ ‘~ ‘

~ w i ~~ ~~~~~~ r~:o , Auo t- ~~, c.ca~ .

Three broad areas of concern must he examined for a definitive
analysis of energy conservation in buildings — those factors which
define the- nature of the enclosure , those re la ted  to the rmostat  s e t t i n g
and occupan t l i f e  sty le , and those related to equipment efficiency and
heat recovery devices.

In general, energy transfer through a residential enclosure is a
func tion of the type and quantity of materials used , the quality of
construction and certain design features. The factors of importance
are: 1) insulation, 2) infiltration , 3) gla ss, 4) orientation and
external shading , and 5) building shape and thermal mass.

Thi s prelim inary study of heat ga in/loss in Garl and , Texas, focused
on loss through convec tion , radiation and conduction from glass and
from an infiltration through small openings in joints , around doors
and windows, under baseboards , etc. Glass and infiltration aspects of
a structure are shown to be the major determinants of the energy per—

forinance of building enclosures.

Particularly ,  the analysis concerned insulation and infiltration
fac tors which have in the past proved to be difficult to determine and
elusive to document.

The princ ipal means of estimating loss from 22 ,577 structures was
to observe thermal “flaring” front photographic records of an airborne

— radiometer.
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In the Texas Instruments B—3 10 radiometer , energy is received by
the scanner from the ground , is focused on cryogenic—cooled detectors ,
converted to light through the use of a light—emitting diode, and by
means of a mechanically—coupled recorder exposes the photographic film
in the film magazine. The film is moved at a rate proportional to the
velocity and height of the aircraft, producing a continuous photo-
graphic record of the radiant energy detected.

By utilizing the AGA Thermovision system on the ground, relative
— surface temperature variations of ±2°C were calculated, thereby revealing

the presence of even the slightest cold air infiltration around casings
and jambs, under baseboards, or through joints in the walls and ceilings.
Insulation problems due to hot air leakage and cold air infiltration
were thus identified.

Energy loss from each of 24 test houses is classified as “severe,”
“high,” “moderate,” and “low” by scoring the energy performance of a
structure along several dimensions. Conclusions about overall heat
loss in Garland, Texas (a suburb of Dallas), were that approximately
2% of the single—family structures in the city exhibit noticeable loss.
Eight percent of the multi—family units and nearly 90% of the commercial
and industrial buildings show a similar significant degree of heat
loss/gain due to infiltration problems.

35. READLEY, R. B.,  R. J. Larsen, G.M. Goldberg and R. L. Boyd (1977)
Infrared thermograp hy requirements study for  energy conservation.
Final Report no. ARI-ADD-77-1, Prepared for U.S. Energy .“esearoh
and Development Administration, 20 Massachusetts Avenue, Washington,
D. C. , 4 thermograms, 138 p.  PC A08/MFAO1.

Aerodyne Research, Inc. ’s contract with the U. S .  Energy Research
and Development Administration requires that a study be made to identify
users (and their needs) of IR instrumentation that may be applicable in
the measurement of heat gain and/or losses from buildings and to identify
research and development and demonstration opportunities. The work
flow diagram for this study is shown and is intended to provide the
following Information:

Identify present and potential uses and users of infrared
thermographic technology.

Identify presently available IR thertuographic instrumentation,
techniques, and services, and determine how well they can serve
the users and uses identified above. 

—

Identify technical opportunities for research, development ,
and demonstration (RD&D) on new IR thermographic technology
that will be t ter serve the user s and uses identified above. 
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Untie r a subeont tac t  to Aerodvue , the NAIW Research Foundat ion , Inc
has aita lv ze’d the’ b u i l d i n g  sect or r e q u i r e m e n ts , (dent if ted the user
me’aaureme’n t r equ i r emen t s , and p rot ! ded cost guide ’! ines for  Ins t ru—
m e nt at  ton. ‘ph i s work is  described in Sect ton 2 .

Sect ton contains an anal  ~-s is  ot the c o n s t r a i n t s , re ’qut rement s
and I t m t  t a t  tons  ut measurable’  par ,lmet era  . This an a ly s i s  prov I de’s the
has is  ag a in s t  wh I cit th e’ I R in st rument  survey was condut- ted and report  cd
in Sect ton 4.

The b u i l d in g  sector  r equi rements  s tudy  i n d ica te s  the genera l s a t i s —
at ’ t ion o I th~ user conunun I t v w i t h the use of I R the rmographv tor q eta I I  —

tat i ye eva 1 eta t ton of heat loss from bet I Id ings . It  is p o int ed  out t ha t
qua lit at ~ve eVa! ua t ton r eq u i r e s  re’so Ivab he temper ature ’  di fEe renees of
1 t o  3 . 5 C. Cr vog -n I c thermograph Ic scann ing  svst ems as t h ey  e x t  at
odav have t h i s  e’apah i i i  t v but  have bee’9 used • I or the  most part , tot

qua l i t  a t  I ye’ heat loss ova m a t  ion . I f  I C rest) h u t  ton systems can be’ ci~ cd
11 p roy I do the  same qua It tat I Ve in Co rmn t ion , then the reduced rc aol Ut ion

nuiv at  low t o r  Ins t  r umentat ion w i t h  a S : I or better cost sav ing .  The’
community use shoci Id increase si gn III cant ly.

Wider  use of I R thermographY will r e q u i r e’ eduest Ion and t r a i n i n g .
D emonst ra t ion  programs are needed to dove lop the a rt  of th ermographi  c
I it t e’ rp re’t at  ion t o t -  wi  tIer e’eumncIn i t  v liSt ’ • As a p ar t  of t h i s  e t fo r t  , i t

w i l l  be nt -ct ’s sa t v  to demons t r at  e’ t h at  t lit’ rmograp hv u s I n g  i~ C I its t rumen t s
prov (t ies essent ~al  lv  the’ same’ q u a l i t a t i v e  inform.-tt ion its do 0.11 

C
i n s t r u m e n t s .

Abs olute ’  t emperature  measurements fo r  ~uant (t at  (ye’ c-ode enforcement
and t or l a b o r a t ory  use re’qut to 0. 1° to 0.35 1 C a c c u racy .  Th i s  can be
done’ In IR measure’nie’nt s t rom the i n si d e ’ ut  b u i l d i n g s . O u t s i d e  measure-
ment s are 1 (ml ted to j

t C une’erta to t  v , howeve r - Accuracies better than
t h i s  r e q u t r &~ a t empera ture  compu ta t i on  and i nst r u men t  cal (b ra t  ion tha t
will account for  spectra l wavelength  prctp ( ’rt los of the atmosp here ,
background , and bu t  le l ing  m a t e r i a l s.  Spect r a l e ’miss lv l  t i e s  ot b u i l d i n g
mater  lit Is must be’ known to the order of 0. 5% . A measurement program
Is re’qu (red to  determine the hi ml tat ion In cml as iv it measurement and
t o  e v a l uat e  the of fe ’ c t of the nonuniform I R background that Is ref lee’ ted
o f t  the  st t I l t ’ t urc i n to  the IR the ’rmograp hic  came ra . Recoimnended R&l)
m e ’ I tides the ’ need to:

1. Measure ’ spect ra l  r ad i a t i o n  parameters such as em isstv ttv
that  now limit the u sefu lness  of q u a n t i t a tiv e  temperature
mea surements .

. . flevt ’ lop vet - v low •-u st elect ru—opt! cal t herma 1 imaging dcvi t ’C S
for  qua i i  t a t  iv.’ hea t loss eva m a t  fern
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I. Accomplish spectral opt imizat ion 01 e l ec t  r u — O p t  I t’a I t tie - rma I
imag ing cameras for  prec ise  q u a n t i t a t i v e  mi-asei r vine -u ts  Of
iteat b ag,

4. Develop In f r a red  l i qu id  c r y s t a l  .tttd se-rn I c . ’udeit - t or pItu t og t - i f ’ h l  I c
sensor mater ia l  and cameras wi Ut very  low -os t t he-irnograph i c
pic tu re  potent ial .
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Thermal scanning from a lid ie-opt&’r of I i - us  t he ’ ent ’rgv m anag er  an
opportunity to study energy use and w . . s t t ’  over his ent irc f a c i l i t y  at
one time . 1 t gives hint a p ro fi l e  of t h e - I nt  cr ac ’ t ion • ‘l t Itt ’ ~~~~~ b u s
buildings and operations in his plants and o f t  ers an oppor t u n i  t v  to
set priorities for energy savings .

For instance , one survey showed a I re-mentions lie -at loss  1 tom a
warehouse. The owners asked thems ’l yes i f  the wit rehouse r e~i l iv it,’ode’d
to be heated since its onl y occupant was an uc-casiotta l t u r k — i  itt
operator .  Another survey found e l e c t r i c a l ly  heated s t e -ps  that ran cent—
t tnuai ly, rather than only dur tug periods of I c e  and ~nec.- . The I (~ . 5 — k t ~--

steps were wasting 56 , 336 St u/h r . l i t  anot her ca s e - , it wa” I ouiiei t h at  a
smal l steam Jeak of 1/ 2 —in  d iameter  under 90—lb pre~ sul~ - uv,-i a
12—month period , at a cost of $4 per 1001) lb  of ste-am , woul d ct ~~- t  about
$14 ,000.

A typ ical college campus survey cos ts  be ’twe — e’n ~ i ,O0() to S l . . 0 0 O ~
but steam leaks detected waste more than  tha t, in energy co s t s  in l e s~-
than a year.
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For more than ten years “Thermography ” has been app l i t’d In ~i i t o p u
to reduce to a minimum energy wastage in r e s i d e n t i a l  t i t iei  comme ’rc ia i
buildings , and also in industrial plants. More rccentl’ . i n fr ar e d
sensing has become an important tool in he- at  loss det e ct i o n  In  North
America. The technique comprises an infrared scanner linked to a CRT
screen disp laying dynemic thermal patterns and p e r m i t t i n g  the  Imme dia te
identification of defects in insulation , alt - leaks, air inft ltra t ion ,
wet insulation, and other maj or sources of hea t loss in buildings .
Temperature gradients are measured instantly to establ lab the serious-
nesa of the problem , and a permanent record is made by taking photo-
graphs of the display screen. Thermographic building in spect ion  itas
now found It. way to North America and Is available in Canada.

2 .1
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38. HUI4PIIRIES, C. (1 9 7 8)  Infrared, a niunia -f ia l  tool. Therrnosense I.
First Nationa l Conferonc e on the Capabilities and Limitations of
Therma l rnfr ara d Sensing Techno logy in Energy Conservation Progra ms,
Cha t tanooga , Tenneae~te, 20-21 Se’p tember 1978 , The American :~o~ iety
uf Photogr~’mnetry, 10~ Virginia Ave., Falls Church, Virginia 22046.

In 1975 the decision was made to conduct an infrared flyover for the
City of Garland , Texas, The decision was prompted , In principle, because
of high electric bill complaints. The City of Garland has its own Electric
Generating , Transmission, and Distribution System.

Garland has a population of 145,000. There are about 43,000
single—family residences in the city with over 10,000 all—electric
heated by electric resistance heat. The area has a high air—cond i-
tioning requirement, yet the winter peak, with the added all—electric
load, Is running In excess of 857. of the summer peak. With average
consumption in January 1977 over 3200 kWh per all—electric home and
maximum at over 10,000 kWh, the need for assistance to the all—electric
home owner is monumental. The city conducted its first infrared flyover
In February 1976 in weather that was too warm for acceptable results. A
second flyover was made in January 1977 during a period that was more
than sufficiently cold. The 1977 study is being used at present. A
third flyover is planned for the coming winter.

How We Use Infrared

Customer Service: Answering high electric bill com?laints.
Finding overlooked problems in large industrial complexes. Cataloging
high heat loss customers for future energy audits.

Building Inspection: Locating swimming pools, carports, and other
construction that may not have been permitted .

Planning: Evaluating off—street parking and value of rear—entry
garages. Future land use planning.

Infrared is an ongoing program in the city of Garland , and addi-
tional uses are continually being found.

39. !iL/PFNANN, G. (1977) ~~antitative evaluation of infrared p i~ ture8
of house f acadee. The Measuring Sys tem ‘Thermobil ’ .
Measerachmitt G.m.bii. Offobrunn , Germany.

The mode of operation of the Thermobil measuring system used for
the detection of heat losses in buildings is described . First , heat
images supplied by an infrared camera are digitized , displayed and stored
on— line. These data are evaluated by means of a suitable calculating
program. They present a temperature image of the surface with the temp-
erature given in absolute values. Under favorable conditions, an image
of the heat flow which, by means of a computerized program can be calcu-
lated from this temperature image, is presented as computer printout.

24
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In f r a r e d  thermography has been developed ~~~~ a too l t o  measure-  lie-
temperature  ot var ious types of surf  ace -s .  Not  abl e ’ •ipp I i  ca t  - ms i it c lode
thermal detection of d tse’asus such as c-a nt -er and ci rcu  Iatorv prob l ems
in human beings , aerial land mapp ing of hot surf  act-s t o  tie- t  t’ct C het-nta l
po l lu t ion  and geolog ical format  ions , and remote ’ s can n i n g  of hub Id Jugs
to de tec t  ht ’at losses. More recent by ,  I iii r~ert- d scanu I etg it:is l’ -c-n eisecl
to det ect defects  in high amperage elect r i  e’~~l count -c t b its , I r ims I or m . - r s ,
and s teel  processing furnaces in i n d u s t r ia l  &‘nvi r onmt -nt  H.

i t  was the  in ten t  of the N~ S I R progr am t o b u i l d  oti I he’se t e ’ch—
nolog les t o  assist energy conservat i on t-ng in e ’e rs to  ~i s H e ~Hs he -at  losse’s
in i ndus tr ia l  plants .  IR teams f rom the NBS Ce - u t t ’r I or ihi lid ing lech~
nobogy had prevIous ly  used the equi pment to  survey heat  losse’s in
bui ld ings  where the IR camera was found to be p ar t  i c u la r l v  us e - f  t i l  ( i t
de tec t ing  in f i l t r a t i o n  problems , m i s s i n g  I n s u l a t i o n , and cousf r u ct  ion
de-Ee ’ct~ . The intent  of th i s  pro jec t  was to sot -ye f u r n a ce s  and heat lug
systems in addi tion to electr ical  and mech an i c a l  sv s t e -ms to  t i n t l  a te -as
suggest ing energy conserving act ions . Tb is  quail t at  i ye su rv t -v has he-c -n
found to be an excellent metht d t o  det i ’e I he-at losses In unit 1r 0 - .’ss
L-qu I pete-nt and a u x i lia r y  sv s t ents . The’ s u ry e- v met hod d e’sc 11 bed In  I i i i  s
paper was car r  led out in 15 i n d u s t r I a l  p l~mts  to dt ’ve’ lop a met hodo 1 og
and examine the feas ib i l i ty  of the  a p pr oa c h .

lit addi lion to t h t -  q u a l it a t I ve  survey • quant  I t  at i ye dat a we-re ’
gathered by ca lib rat ing  t h e  te -mp cr atu i-e of the “hot spots ” uiieo ve ’red
in the  survey . This  m l  ot -mation was V e ’ t V  u s e f u l  in deve - lop ing  pr i—
or ft  ics and eSt imating  tht e- magni tude  of the  h eat  loss due ’ to a g i  s-eu
dcl e’c t .
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The survey was conduc ted itt  n i g h t  on ~ and t~ A~ r I I  I ~ 7(~ w i t h  norma l
Ins ide  temperatures and an outs ide t e ’mp cr a tur & ’ of I C. Some obse ’rva—
t t o ns  were as fo llows :

I . As much as ~(t~- of the e-ue ’ r gy e-onsuni e’ei was e’x pt ’nde’el through t hie ~
exhaust louvers .

2 . Ar ea s on the roof of the heat t -xchange ’r pe’nt house IndIcated
Itt-at loss and ne-ed o I rt!pa i r •

-— - __________________________________________



3. Hot spots on some windows indicated that the  ai r  de f l ec tor s
on the heat exchangers below the windows were directing the
air blast against the windows and should be reoriented to
direct the heat back into the rooms.

4. Heat was being lost through a window behind the e l e vat o r .

The survey suggested that  $1213/year could be saved by c o r r e c t i n g
these deficiencies. Energy loss calculations from a thermograp h in terms
of cost savings per year are described in an appendix.

-IP . JONE S, A.  N . ,  I .  F. SMITH and P . 1 PP b ’E!P 10: -’ ’)  l- ’.rt -pn_ i I t / i c  i r ~ ‘ L ~
. ;~

cf’ ~-u I idings and atrua tur ~s :c a mcana J ’ J ~’ crr rrf u I np - I :~ / t ,  -
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of Infrared T ahn~ Logy (SIRA : t n _ -  0 ’ ’  2 - n_ ian).

Inf rared  Imaging techniques o f f e r  the poss ib i l i ty  of mass m o n i t o r i n g
of the external temperatures of buildings such as f a c t o r i e s  and d we l l i n g s
on a non—intrusive basis to determine those losing an excessive amount of
heat .  I t I m  shown that typically external su r fac  t m e r a t u r e s  are o~jya
few degreea above ambient, and to relate therma l images to the su rf ace
temperature the emissivity of the material  must be accura te ly  known .
Emissivities of con~non building mater ia ls  in the range 2 — 5.6 ii have’
been determined and are tabulated ,

43. KTSATSKY, I’., N. Barba.r isi and P . i i n _~’ I I c  (1i ~~ ’) - I pvc ’ i ’- :I- : a ~ p
thermograp hia heat c:’~njI ~‘f 2- - ip  At ’rna mcnt Reo- -;v ~i; t,; i
Pe twlopment Comnund F ’aa I I - ( tit -e P t’cr , NJ). T,-cI;u ica ~

‘ P ’ p~’v~ :
ARU-D—Th— 7, 014 , A1~RAD~OP4, 1k WbL , A~ p L i  t a  ~-c i c ’ltat -c :‘ I ‘n 2 .  >-

~ I-L~—
WA) Dover, Nez, ~1~’r89y 07L - U)~’, 4~ p .

An infrared thermographic . survey was made ct b u i l d i n g s  and f a ci l -
i t ies in P icat inny Arsenal to demonstrate the usefulness  of IR th ermo g—
raphy as a diagnostic technique for discovering and identifying sources
of heat loss. Several examples are shown in which thermography ~‘ic1ds
valuable information on insulation deficienc ies , poorly insulated steam
lines, running vent fans, open windows , etc. Thertnographic data need
careful interpretation and arc vulnerable to emissivity variations.
Parameters for developing a quant i ta t ive  therinograph ic methodology are
identified as a basis for future work.

4-I. KORIIONEN, P. and W. ‘bIASSi ‘N ( 1 0  0)  — ~ 
- a • I~: :  ;‘~ 

- t r ‘ ‘f ’ I ‘; c:c 1; “:

~_‘-ith a hand—held infrared ar: -~~:. J- ’!ini~ JiI , , ;n i :  2~~ v; i ~~ i :~p’ -~- —
nution &change, Pt • 1-cuTe , M i c c ’uri

Since 1975 , CRREL has used hand—held i n f r a r ed  scanners fo r  d e t e c t i n g
wet insulation under built—up roof membranes. Thermocouples installe’d
on roofs have shown that temperature differences between areas ct wet
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aced d r ’, I ttsu 1 at t ott m t v  ~ x I ~~t dot  i ng hot It eta’,’ and n I g it t . I ’lt e opt i nunee
I tee’ t o  tie’ t ee’ t t h e ’ Si ’ di  f t  e’ re -flee ’s w i t  it an i i i  f t ’ :t red camera t s at n 1gb

wl ei -t t  sot  at  I i t t  e’ t~ I i - re-nd ’ Is ~‘ I im i t t i t  t eel . Sut-vev s have’ he’e t t  conduc t ~‘d
S t ie  - , - s st  t i l l  v in  I oea t ions I t -om A l  ah~ n~i t o  .-\ 1 a skit dot I ng hot it w~et -tn and
~-o let w i ’at  Iie ’t . I ’let e e— inch dianee’t e e -  e e ’ t d  samp I i ’ s of t h e ’ c o o t  m e m b t a n e - a nd
i it su t a t  ion have be’eti obt a tc t~’~I to vei it v lnf  ra t e ’ei I hid tngs
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flut ing t lie’ it i ght of I -~~-- I 5 Oct ~bi’ t I ~ 
‘i~~, t he t o o t  s o I l~u I l ef t ngs 1

11 tt , 11 .~ and •‘t)S at  Pe ’~ lse ’ :~FB We ’ r e’ surve’ve’et w i t  Ii an t n t  ra red e-acne’ra
I of rare- el pho t og t-aphs I. the rmogr ams  St W e t e ’ oh L i i  I ned on li g ht ~~e ’ t ’ i t ’ red ~ite ’t ‘I

~tnoma ti e ’s ott e’ach root . Suspec t  e’et itto 1st  c i t  e - — eat ise ’d anoma I ic ’S We ’re Out  —

1 t t e e ’tt w i t  it wle i t  e’ spray  pit t c it  . ‘I’he ’ I o t t  ow i teg hiv • samp l i -s we t  c t ak en to
Ve ’ r i t  V t n t  ra r etI t i n~l I ng s , convent  b o a  I p h o t og rap h s  We ’ i’ e~ oh t a I h e ’d
prob I em a reas  we t’e’ exam tne’d t ot vi sual sIgns ot  ~l 1st ress , and d t t ~e’iis I OIlS

were’ t a k e -n t o  l o ca t e ’ t lie ’ anotna l i c ’S on p t ans  of i -aeh root . W a t e r  t- O u t  c u t s
01 a l l  sample ’S WI’ re’ subsequent I y d c ’ te net ned by oven d r y  t ng at 110°F
‘l’h is re-poe- t • - OVi ’ ru t hi ’ abo ve’ work and :11 so I ctc 1 uele i t t  I orient t ion on
tin L i d  t ug  i i  t oh tat ned on 10 Sept e’mhi’ t- I’) i’ ” it s p ar t  o t t h e ’ t o o l  r e Se’it t a b
Pr ogram t h a t  CHR EL is  conelue’ t I ng I or t he ’ Fac i i i  t ~

- Fog nec t i  ng f i t  r e e f  ,‘c ,t t e’

of the Corps ci l’ ii~ I i iOe ’ t5  .
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Four buildin g root s at P,’a Se ’ AF1I We ’ t~t ’ surv e ’ved w i t  it a h ;t t td—hi ’ 1 ~I
inf rae-eel c-ant ’ ra to de tee t wet insti l at  I ott . Areas of wet  i et set l a t  I ott on
I hese’ root  we’re mae -k ee l w i t  ii sp ray ~~it tnt , a~~ei — i t t . —d ian e’ Ot ’t ’ samp Ic ’S
of th’ bet I t t—up me’mhrane an~t i nst i l  at  ton wet e t aki-te t o \‘e’r i t  y wet and , l t v
e’ oflet I t  I cu tS . F taste tug ti e ’ I e e t s .i c e  cons I di ’ red re’spons l b  I t ’ t or inc u s t of
t i le’ W I’ t in set  t a t  ton uncove ’ e-e-cl i i i  this stti VeV . Recotiuteectd~t I i otis I oc m at  ii —
te ’ct~t nce ’ , r e -p a i r  • and te -p t a ce ’tUe’nt W e - t i ’ ~l eve lOpe’cl t t~0tt1 I li e ’ i n t  t a r e - e l  s e t r v c v s  •

•- oc~e sacnp I c’s and v t su ~~I e’xactt I f lat  I Otis .
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Ene rgv conse rva t ion I I i r s t  and I Oe-e’fltOS t he’ el i nil teat i ott of

i’xis I ing waste efle’ r gv . One’ ar~’a of s ign  I I I e ~a~~ t w a s t e ’ en~- r gv I s the he-at
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lost  in w in t e ’r th rough  the inade’quate’ ot d antage ’d roo f In su  t a t  iou of home’s ,
cocnmurc ial buildings and other s t r uct u r e s .  To make the ’ r e- s  Ide -n t  s and
owners of bu i ld ings  aware of heat  leakage- , cur t he ’  amount of rnone~’ he -I  t ig
wa st ed in heat ing costs, an c’f f i ci en t hU e’ t hod of oh t a in I ng a he-at I Os s
assi ’ssme’flt on a large’ sea Ic  is needed .

To meet t h i s  need , the On tar io M i n i s t  u -v ot  Energy • through i t s
Energy Cotiserv at Ion Program , reques ted  the ’ O n t a r io  Cc-nt r e I or Re’mot e’
Sensing to assess the’ app 1 icab i l l  t ~- o f t hc’rma l r e’mo t e’ sects I tig to L i i i  s
prob lem .

Ttte I n i t i a l  stage c’f t h i s  asse’sscnent pr cugr ani W a S t o exte mi ne’ t ile’ t e-c’lt —
ci tea I aspects  of the -ren al se -u s ing  as t he’v i c ’  t a t e - e l  t o  the ~i V t  cc t ton t ’t
ho i Id ing heat losses. This a t so inc ludc’d a comp le’t e’ l i t  etat Ore’ re’v I e’w
of the  s u b j e c t .  The-Se’ f i n d i ngs were’ pr e -sent c’d tO the’ Ministr y e ’ f  Encr g~~.
l’lie- rc’port showed that terre-st r t a t  therma l setes lug coo Id he’ cons ide’red
ito operat iona l t e’chn ique , as a c los e—up nit ’ t hod f o r  d et erie in! ng st rue-Iota!
heat loss  of a local n a t u r e .

Airborne app l icat  ions t or coverage over la rge  are ’as , however , we-re
found to be in an e’ar l v  s tage of cle-ve-lOpflie ’nt . On ly  one l a rg e — s c a l e  a i r —
borne operation had been reported on.

The repor t  supported the hvpeuthes is  t h a t  therma l re -mote’ se -us ing could
it s u b s tan t i a l  ro le ’ in act energy c’onueervat ion pr ogram.  The ex i s t  leg

s tud ies  o f f e re d  answers to many quest ions  regarding applicabilit y of t h i s
te ’chn iquc’ ated prov ided a body of I n f o r m a l  ion oct wit ich I o base’ I urt lte’r
research.

-; ‘. : -w :p , o. :o ‘,~- )  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~ I, ’~’~: ;.t I ’ i t : .
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‘ St . 5

In October of 1977 • t i l e’ Iowa U tilit y A ssociat  ion announe’e’d i t  was
emba rk ing on a proj e’e’ t cal 11’d Operat ton 8kv Se’an • wh f eb 1 two ly e-s  tile’
most comprehensive t ite ’rmo grt-tiiunict g e’f I curt evc’r at  t empted I cur e~oust ’e-Vil t  I on
purpose’s . The ~\ssoc t at  iou , representing ii investor—own e’d ut  l i l t  i t’s
contracted with Texas Instruments , lOt’. • te u  o v e r f ly  ‘ , - i t t c t t i l lv even ’
incorpeu rated conununi t v wit hi ii Iowa • over 80() of them • acid to d eVt ’ I op
p r in t s  which could be’ rev! ewe-cl by Ut it itv  t~e’rsonnel ~net t h e -  home’euwn e’rs
01’ occupants  of the cwe’I’ f lown b u i l d i n g s .  In add it teen to the Il lov e -st  ec —

owned compait h’s • several mon te ’ ipa 1 U t  l I l t  i t ’s h8ve’ part  b e _ b  p at  ~‘d in l i i i ’
survey program . The surveY f l i g h t s  are conduc ted  eleir lug  t he cii g u t t  m u ’

when te’nepe’rature-s au.e h el euw 1S~ F and r ocu ft eeps  t r e e ’ tef snow.  1’he’ e’eMttp le—
L ion of the program has be’e’n impe ’de-d 1w the t ac - f t h a t  Iowa ~uf f e~~e-ci Oflc’

:s

_ _ _  
_ _ _  _ _ _  
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of its most severe w i n te r s  ice h i  st or v  wit it snow cove r t t ’ni,’l lii i cig oil
houses in mete-h ot the-  St at c’ I cCV t he ’ v a st  m al  or I t ~ - of t ile ’ C,’ i c t t c ’c non t I e s
Eve-n Se ’, OVt ’ t~ 0() ceufliflut) i t  Ic ’S w e e-c’ sut ’ve ’vt ’d , and those ’ i t ~~~ t i l t  s l ea v e ’ I’ e ’e ie
made’ ~tv~t i lab le’ t ~ th e’ m e t  l v i  ~tua Is  i nve u I vc ,t .

The re-rita ! t ider cC t the’ e ’ I t  i t’s it r c ’ ‘xpi ’ e ’ t e e l  t o  be ’ Site -Vt’ Veel I ii I s c o r n I n g
w [cu t c’ r .

Tb t s p r euj  cc t was se’ Ice-ted I ot’ a ~i.intbc’ v of reasons • Inc  I cid I ii~~ t lie
f o l low i ng :

1. I t s  bi-ead th  and mas s lve ’ne ’ss are such as to e-e’ e’at c’ a s i gct i I l e ’:tci t
• 8mOunt ot ii f l lueur t a l i t  lie ’WS and puh l I c  l o t  oc’iuc~t t  ion  a ct  Iv  i t  i ’ s  n-i t h t

a r e s u l t a n t  Impact  on ~-ocise’cv~ct ion  ed u c a t  ion .

. . The’ ccu st /hencf i t  u-at I 0 is  sue-li t h at  Vc’t’V cxc e’ i i  cut  t e l  c c i  O S 00

the ’ inves tment  1ev the  par t i e ’ ip~t t log  ut i l l  t I c’S e•a t t  he’ .i~’he i ev ~- 5I
through pursuat i t con servat  I euti icc _ L I  ou ts liv t be’ ho i t  d i  ti~~ OWii(’c
ol’ Occ’upaitt

The Siti’Ve’’e’ a t  r e -ra t  t inc l t ic t t ’ a Qoee’te A i r  antI a PC I • ho t ie of wit i - hc
We -e-c’ used in 1 ow~t dut log th it ’ p e r t  teds in wit t e - h e  wt ’a t ile ’ F a 1 1 e’We ’el t he ’ p t e ’~~ tarn
to be’ conducted.

~~~~~~~~~~~ .~~~~
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An effective app lie-at ion of re’mot e’ sensi ng I e’chci I cl ue’s t o  c I ~ I l
eng b e e  r ing  and eu-t v I rottme-n tat I 1uroh I e’ms re-tin I re’s t he’ Sc ’ l e c t  I ott e’t t ho ’
sensor systems that w i l l  tue’s t p roy ide t I lt ’ in  fo rnnt t  I eec cit ’S I red . lieciii t sc ’
of the many phenomena inveu lve ’d anti t i l e ’ l ack  01 a s imp l~- nte ’acts t o  , -~~‘c i s  i d e
them cc) lice- I bye iv 1e lane leg remeet e se-us t u g  nut sst~~uus h a s  he-eu doit e ’ ~cc i’
jec t lye ly, quatut i tat lye’ lv ott ~t p i c’ce’me’~t I b .ts is , o t- s o l e ’ lv on t lee t ’xper —
ience of t he Invest I ga t or .  None’ of t iie ’se of t e’ rs a s V st  t ’ni .c f I c m, ’aii I 0
optimize the miss ion f o r  a c q u i s  i t  ion ot spec’ i t  I c  m t  cu e -mat  ion  t \‘pc ’s ~lS

a f u n c t i o n  of the many vat - i ~ch les i n v o l v e d .  The p oe-pose’ of t i t  i s  st uceiv
was (I) to quant I tat ive’ Iv e’x amtne ’ the cia t t ira ‘I piec ’ne uctet ’ceil t h a t  t n t  I ne -t ee - c
the in format Ion e’Ott t ecu t 01 re-meet c’ se-u s tug Imag e ’ c-v oh t a i tee d in  f tic ’ ‘ t S I t ’  I t ’
and In f ra red  (IR)  port  I otis of ti le’ C lc’e- t romaguc t I c ~ s p e ’e- t runt , and t, ,‘St I i em
the knowledge gained t h rough t l test’ t’xant it i~t t  l ocus , t o  ~tevi ’ lop . t t ia  1 e’t I ~‘ . i  I

too is f o r  p lane hug re-nice te ’ sensing cit i ss  I eCctS ant i p EOV i de’ got  eia ct c ’c’ I or

app lie-at tout cut phot eegraph Ic anti t ile ’ u-eta 1 1 R Sc ’tt $Oe- 5” St  c’fltS t ~ ~
‘ I V I I  S

engineering and cciv I rcenmt’nt a 1 preeh 1 ems .

_ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~
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This study consisted of (1) development of analytical models that
allow systematic control of the major variables that influence the
character of imagery produced by photographic and thermal IR scanning
sensor systems, and (2) formulatIon from the models of simple , but
comprehensive, tools for planning photographic and thermal IR remote
sensing missions. The basic concept of the models and the mission
planning tools is an organized and quantitative means for evaluating
photographic and thermal IR sensor systems for particular data acquisi-
tion jobs by contrasting the magnitude and spectral content of energy
received by the sensors with performance characteristics of the sensor
systems. The ability to quantitatively predict performance provides the
capability necessary to quantitatively p lan missions for specified types
of data. Variables considered include the source of electromagnetic
radiation, interactions with terrain materials, interactions with the
atmosphere , sensor altitude, t ime of day, t ime of year , source—sensor
position, and sensor spectral and spatial characteristics.

The Photographic Systems Simulation Model and the Thermal IR Systems

~.imulation Models provide a new dimension for systematic evaluation of
remote sensor performance and quantitative mission design previously
unavailable to personnel applying remote sensors to civil engineering
and environmental problems. The systems models and the graphical products
derived from the models allow selection of the best (of those available)
sensor system for a specific data acquisition problem by providing a
means of quantitatively comparing the expected performances of a variety
of sensors for the specific data needs. In addition, the models and
derived products provide a means of quantitatively planning the remote
sensing mission to optimize the information content of the resulting
imagery for the specific data needs.

The systems models consider the major phenomena that influence the
informational content of photographic and thermal IR sensors imagery. As
is usually the case, a variety of analytical methods could have been
used to model these phenomena. The methods used were chosen to provide
a comprehensive description of the phenomena and yet minimize the number
of hard—to—get inputs required to execute the models. As such, the
models were oriented toward the people who apply remote sensors rather
than those who design them.

49. LINK, L.E. (1976) Demonstration of a new technique for rapidly
surveying roof moisture. Miscellaneous Pcrper M-76-14, MESL,
U.S. Army Engineer Wateivays Experiment Station (TIES), P.O. Box
631, Vicksburg, Mississipp i. Fina l Report prepared for  U,S.  Air
Force, SAC Hdqrs., Offutt AFB, Omaha, Nebraska, 49 p .

The results of this study demonstrate the potential of the combined
thermal IR—nuclear moisture meter roof survey technique. Application
of the technique at Dyess AFB, Texas, resulted in the detection of roof

30
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at- cas wIth c’tu t rcipped mcu i t t ore ~‘ue “ of t ho ’ I .‘~~ h ’n lel I cc ~~ - sue t  v cv e~i
Ai rbc t net theet ’uta ’L 1K i tiot~~~t v  p roved  t o  he .u \ e c  \ I I c e - f  u v ~’ m~-a ecs  01
ide-nt ! iv itu~ roe t a tni i s w i t  it po t en t  t a I cOt i’ :i1’pe ’d fltc’ t St  t h e ’ . Sore, ’ f a 1st’
a I arms we’re- created l’v a l t -  ven t s  ott s m a l l  cc l ’uc I 1 e l i  t igs It , ’u,’e’~’e t , pu i c’t’
ktue uwledgc of the  1’e~~ it Ion of I he vc’ te t  S 1, I . e • , eltit I t t $  t i l t ’ c’Xani c tea  I l ou t
c’t the ir -eage ’t v \  u,~’old pt’ ohah’ lv e’ cduce t l e t s  pr eit~1 ciii e-c’utS ide-tat ’ h ‘- . N o t
a l l  the’ clues t iotu~ te’e’e-C unswc r e’d . I ut  orma t ion I - te ec ’de’d I e ~I, - f  l u t e ’ t h e
us e-f  u ltte ’~ s 01 ( h u e  I ecittu ique as a l otte ’ t t o u t  of c i i  ma I I ~

- c~’nd i t  t t ’e i s  .iu ud
r~’o I t vp~ g . n add it ton , mer~’ ~t at  a a r c ’ tO ’ c’eic ’d t o  Ite ~ I p dt’ I lute ( l i e ’
opt. ineutuu t i tuic f or ae-qu I r in g  the  u m a  I I K image’t-\ ’ I el t Oc ’t itic ’ I s  I U t c ’ 5 ( i i V i ’V S  
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Ro e f ma iuutenauic e and t e p a  ii s a mci I t  I cit i i  H eu d o l l  at  t cult I or t ’ot he
government and in du s t  U V  . I caks  a re  c’t t cut  ass~’~- I a t  i’d u, I t  Ii m~’ I st tue - c
c’ntrappcci w it h in  t ile i e ’cu t  Sv~~t e ’ut . h- ’e t t  u a p p e -d m o I s t  cut’ .’ ice  h ’ei i l t — u ~’ r o o t s
can cause de t e r  I o r a t  t e - uu  ot u~ s’ I mat  ‘r I :115 : t i t c i  c h es t  c’Ov l i i i ’ ‘‘I I c’c t C \‘.‘utess
of I nsulat  ie~li , u- esu i t  Lug t i e  e ’ X c ’CS$  I Vt ’ ‘cee ’rgv I oss t ice-ought t iii ’ t o~’t .
f a t l y  de tec tioue  of e u t t ap p t e d  m o i s t  ur t - ma-k - l’ rev~’ic t , - ,‘st Iv  rep lacenie ’u u t of
deter i or a t e ’~1 u’tatin’ I al S aced at  I j u t ’s a I low h oc ’a I I  :t - ,I t .’pa i t  or c e -p Luc e ’

flee-nt , iuust .~ ad of i ct u lacemeui t  01 an cot i t’ e’ , ‘of svs f  i’m. i h e c ’ al’ c l i t  v t o
iwiudestru~, I, lye iv  c iut tj~ t and ,ie I b eat.’ roo t  are’as u~- i t  h e e ’ut t rappc ’d cite I stor e

tel he val u~d eh c f e z  meuci t o e - i  uc ~: 3 e ’,’i .-ond lo ut s  a t t ~t p h  a ttn  C t oo
ma tn tc tcgi ie-~e and l’&~p~ ir  . and t or  qua l i t ~ ’ assu i-anc c ’ ou t new r o ot  c e u e s t  r u e -—
tiout .

The I. S. .-\ u m v  Cot j ’s 01 Ft uc ~ i tiCt ’t’S h a s  h e-e’ut ‘v a 1 oat i et~-~ a ctuflut ’e’t of
I eclneiqu cs I or c a p  id ly  suu’vt? viu.g root  ute’ 1st t i e -c’ c’Ottet i t  C O t i S  . l ’hii ’ I •‘~‘hi—
cci  ques tu l pe- m e aty  i u u t e r e - s t  h i v e ’ t’een 1 ‘~ hand—h e ’ Id t hue ’u ttia 1 c u t c ~u t

t I R) , I, .‘ ‘~ a I r luortt e t Ieurteua 1 1K . attd ~ tu ne I c’at’ ute’ I st cu t  e ’ met e t ~- V St  ,-ms .
Ilatud— lielci t iu e ’tm*l 1K Sc’ttSe’t s’ s t c m~ have  1’,’e’ui I ce v es t u ~at  e-cl I’u’ t hee ’ ~. • S.
ArmY Eng iue ~~~r ceu l d Keg tons Rc’seat’ole and hug I ne’t’t’ i tug 1 .ct ’~’t at ~‘r~ . U.uu u ovc ’r
New h1’tmpsluiro . acid (tee Fat ’ l i l t  ics hug I CtCt ’t• I tug St ippot  t .-\~~ - e ue - v , l o t
Be lvo it i , \ ‘i r gt t u l a .

Tie is P~Wt’ t ciescr itugs a ~‘ompan lout c’ f~t o u’ t , cocuduc I i’d a t  t it t ’ 1 . S . Au rev
Eutgincer  Watc— w etvs  EXpCr i~wuu t St at  ie,u~~ tI~E SI  , V I  c’kst ’uu ’g, ~ i ss u s s  ip ~’ i , to
evalujutg a irliorne thee-teal 1 K and clue’ lear nec’ 1st Ott’ nut’ I c’e- ~~ stems I or ctS e ’
as too I me- t~~t ore survey tools.  The’ ICES e’ I f cut ’ I ci c’;u l s t iot ~‘ui iv  o’ c I It
evaluating the potent  i:%1 of t h e s e  euvs ( ems t o e -  opc’e-at ( c uu u a 1 us.’ • hut  also
wi th e f orteulue t ing met.ho~1o io~ I es f eu. t he (V c’t c’I c’te t app i i  cat  I out . The e ’
I o 1 low tug sect ions prevent and discuss I, II t hue t’as i c pr I tic ~h’ tes  of  t he .’
a ie-be-e-~ti 1K and nuc lear mc tsr S~~ $ t e-ins ~%flel ¼ .‘ I tt’e’e’iiniit’ttdt’d met tee-do I t’g i t ’s
I or their app 1 i~ai. be-ui and e’xami” I c’s o I r e su l t  s
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51. LLOYD, J.M . (1975) Thermal imaging sys tems. Ne~’ York: Plenum
Press , 11 therm ogram s, 44.5 p.

In the early days of thermal imaging technology , strong competition
kept design practices closely guarded secrets. Now that the field has
expanded , many of these procedures have become standard , and an integra-
tive, cohesive assessment is required. That is the aim of this book.

This volume, a dynamic introduction , as well as a ready reference
for experienced practitioners, sets forth the essential design con-
ventions which form the basis for forward—looking infrared (FLIR)
practice. The work not only provides a useful compendium of previously
unpublished or obscurely published literature, but also offers a syste-
matic treatment of fundamental methods for thermal imaging system
engineering. It includes more than 250 references and extensively
details every major thermal imaging process — from thermal energy
generation to visual psycho—physics.

This book is intended to serve as an introduction to the technology
of thermal imaging and as a compendium of the conventions which form the
basis of current FLIR practice. Those topics on thermal imaging which
are covered adequately elsewhere are not treated here, so there is no
discussion of detectors, cryogenic coolers, circuit design, or video it
displays. Useful information not readily available is referenced as
originating from personal communications .

‘I
52. LOWE, D.S. (2978) Improved airborne thermal mapp ing with an aotive/

pas sive scanner. Thermosense I .  First Nationa l Conferenc o on the
Capabilities and Limitations of Therma l Infrar ed Sensing Techno logy
in Energy Conservation Programs , Chatta nooga , Tennessee , 20-2 1
September 1978, The American Society of Photogr amninetry , 105 l-’irg -[nia
Ave., Fal l e  Churc h, Virg inia 22046.

The concept of measuring thermal heat loss from buildings wi th
thermal imaging sensors flown at 150 mph is appealing. Airborne thermog-
raphy has been shown to be useful f or detecting the worst energy con-
servation offenders in residential areas, but the technique is limited - C

in its ability to precisely quantify heat loss because of variations in
unknown parameters such as roof emissivity, roof view factor , and meteoro-
logical conditions. Variations in roof emissivity are particularly criti—
cal in estimating heat loss from coumnercial buildings.

This paper describes and illustrates the effects of emissivity on
estimating surface temperature and recommends a program to automatically
correct for variations in emissivity. The system would use an active
l0.6—ium laser scanner to measure roof reflectance, while a passive thermal
scanner measures the apparent temperature. With the aid of calibration
panels , the data are processed automatically to derive surface temperature.
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Th is r epor t  descr ibcs  th t t ’  u- esu l t s e ’I an i n t e rgove rnmen ta l  se I
and public  te ch nology d e m o n s t r a t i o n  p r o j e c t  us ing  thermograp hy as a tool
to identif y eXcess heat loss and ic e  i t  i a t e  majo r  act  iv i t  los i-n t h e  cor r e - —
t ion of bui lding and hea t ing  sy sLcr .1 dot  i c i c u ’ c c i e e s in N ew England ’ s
publicly owned st r u c t u r e s .

Some of the ob jec t  (yes d i s cus sed  are h e c uw to :  1) clo s e  the  i n t o r —
citation gap among the IR supp l i e r s  and p o t e nt i a l  p u b l i c  se’ctor users ot
t h i s  technology ; 2) demonstrate ’  the u t i l i ty  of thermograph y  in met- I in g
the necd~ of New Eng land local  and s t a te  gov errum ent s ;  3) ident  i i  op e l—
~u t i n g  problems encountered itt  adop t ing  t h i s  type  of t e c h n o lo gy  to c i v i l ian
needs; 4) u l t i m a t e ly  commerc ia l i ze  thermography , r e s u l t i n g  in job  and
business oppor tuni t ies  in thee energy conserva t ion  and management  i ndus t ry .

Fundamentals of thermography are discussed and genera l  conclusions
about using thermography e ff e c t i v el y  are presented . The results of
energy conservation programs i nvolving thermography reporte ’d over I lee’
pa st four years are summarized .

Cos ts and benef i t s  ranging f rom $600 to $900 for  a ground survey
f o r  a ha l f—day  to $2000 to $3000 fo r  an airborne survey fo r  a half—day
are discussed . The return (benefits) to a bu i lding o~mer are present e’d. C

Some examples arc: 1) $10 fuel, savings over a 2 to 3 s-ear period for
every dollar spent on the survey , but not inc luding t he  cost  of r epa i r s ;
2) estimated annual fuel savings of 8~ to l0~ of thee’ total cost of thee
survey and repairs; 3) fuel savings of about $1000 per s-ear per building
if 30 or more buildings are surveyed .

The report points out that JR surveys can provide da ta  o thu e rw i se
difficul t to obtain to use in energy balance (or budget) calculations .
IR surveys were found to be a very effectiVe public service’ device by
public agencies and utility companies. A list of equipment unauuf act—
urers , survey contractors , books , papers , and reports is 1urovide ’d for
the convenience of the reader .
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With in  the past 10 years , thermography has been developed from its
ori g in as a mi l i t a ry  intel l igence tool into a tool  that  can he used by
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public administrators and pr ivate  bui lding owners alike to make the i r
energy conservation programs more e f f e c t iv e .  Thermography is the only
technique that allows a rapid , synoptic , and nondest ruct ive  appraisal of
the thermal characteristics of building surfaces and components. These
thermographs (or “heat pictures”) are primarily used to show where
excessive energy losses are occurring , but they also can give a rough
approximation of the amounts of energy loss.

This report describes interpretation techniques to be applied to
aerial therictographes taken of selected cities and institutions in the
State of Vermont in the spring of 1978.

;~~~~. LY X c ~~i, e T . (i~~’6) Prao tic ’a~ app lioat ion of infrared inspection of
~

-
~iie’;tial Jwellings . Ener~~ ~

‘onservation Consuttants, Inc.,
• k~. ‘;5~~ ‘!~ ~e~a3Qt~Z .

Energy Conservation Consultants, Inc., have been offering infrared
inspection services to residential home owners and insulation contractors
for nearly a year. Using this technique, the user of this service can
be provided with an on—site qualitative analysis of his energy losses.
The basic inspection , interior or exterior , usually takes one hour or
less. Interior inspections are becoming increasingly the trend , although
exterior inspection is still important for identifying gross defects.
Most high energy losses produce significant temperature variations,
allowing for easily identifiable detection. Variations in building
materials and weather conditions must always be taken into account but
these do not prohibit practical inspection from being cost—effective.

~~~ M4RSRALL, S. ~~~ I~fr ar ed therr&iqi.aphy of buildings: 2977 Coast

~~arJ Sw ve~ . USACRREL Special Report (~n prep. )

An IRTB (infrared thermography of buildings) f ie ld survey, producing
631 thermograms, 127 photographs , and weather data , was conducted during
a 14—day study of 10 Coast Guard stations in Maine, New Hampshire , and
Massachusetts. This report discusses how the survey was initiated and
performed with emphasis on details for the benefit of the reader wishing
to plan a survey. One—hundred and twenty selected thermograms and

— photographs in this report illustrate many types of heat loss and compare
thermally ineffective doors and windows with units designated as
standards for thermal effectiveness. Radiator heat leakage through walls,
mottled moisture patterns on brick walls, infiltration patterns on glass,
and poorly covered openings are illustrated. Thermograms of severe
heat losses through glass doors, glass transoms, and glass wall panels
are also included , and several solutions for individual heat loss
problems, such as fiberglass garage doors and porcelain insulated
panels, are suggested. Unanticipated survey problems , such as diffi-
culties in obtaining photographs to compare with thermographically
discovered artifacts and adjustments to survey techniques for inclement
weather , are also discussed.
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.57a MARSHALL, S J and R H ~‘1”~-s (1974) An -i njiared therinoarap h~c
ana lys is of Dar tmouth Co1 ’sge , Winter 1974. Part I :  ‘ -rr~~n’-:”
inventory . CRRE’L Technica l Note (unpu, blish- - d) , 114 therraogr a ”is ,
30 p.

During March—April 1974 , 32 buildings on the Dirtmouth College
campus were surveyed at night with a Barnes Mobile Infrared Camera .
One—hundred—fourteen thermograms are reproduced in this report with a
listing of the operator ’s comments and other data.

57b. MARSHALL, S.J. and R.H. Munis (1976) An infrarod thermograp hic
a, a lys is of Dartmouth College , Spring 1976. Part I I :  Thermogram
inventory . CRREL Technical Note (unpublished), 67 thermograms,
is p .
During March 1976 selected buildings on the Dartmouth College

campus were resurveyed using an AGA Model 750 Therneovision System .
Sixteen buildings were resurveyed and 64 thermograms taken.

57c. MARSHALL, S.J. and R.H. !~f ra nis (1976) An infrared thermographic
analysis of Dar tmouth College. Part III: Building photogrcwhs,
building energy usage data, weather data, campus map. CRREL
Technical Note (unpublished) , 50 p.

Building photographs, building energy usage data and weather data
are compiled itt support of Parts I and II of the Dartmouth College
infrared survey.

58. MARSHALL, S.J. and R.R. Munis (1976) An infrared thermographic
te lephoto ana lysis of the Dar tmouth 175-ft smokestack dur ing a
steep lejack inspection. C’RREL Technica l Note (unpublished) ,
15 thermograms, 19 p .

During April/May 1976, the Dartmouth 175—ft unlined smokestack was
inspected by a steeplejack to determine the extent of deterioration and
recommend repairs.

This afforded an excellent opportunity to survey the smokestack
at the same time with an infrared therinographic camera fitted with an
infrared telephoto lens. The outside stack was also photographed with
a telephoto lens to afford the opportunity of a close visual examina-
tion.

The thermograms were compared with the photographs and the chimney
Inspection report. It was concluded that dry mortar and stairstep
cracks can be detected but that further research needs to be done in
order to refine the technique.

35

— - 
-



t,~~? . t f , .th’~~i,h; ., :~~.,
‘ . ~‘: ~~ ~~~~~~~~~~~~~~ ‘

~~~ ~~~~~~~~~~~~~~~~~~ ~

• z ’~~~z ’
~~~ o : s  • -

~
‘
~ ,~ ~

- ,‘ :i ,~~~
;, ~~~~~~ •~ ‘

~~
‘ - ,-

~~ 
; ‘ •

‘

~~~~
•
~~~

‘ . ~
— .~~~‘;: :‘ - • ; ; ‘ 2~ :: •\~~ ‘~~~~

-

wq ’ :d~’ 2o ;. -
- - • , 14 :“‘: ~ ~~~~~~~~~~

On P-h May 1976 , a ACA 7~l() Thte ’rm o vt s i o n  Svst e’nt was u~ eel t o  t ’ i e s e i v t -  a
stacked pane I ex p e r i men t  In  ope ’rat ton. 1’lei’ eX h ec ’r l m e ’it t c OilS 1st OeI
e’ssent t a l l  v of two 0 I t  ns Brass 12 —  i n .  x ~0— In • so h ar pant’ I s whe I ole we’ ri-
opt’ rated backwards; I . ~

- . lee t w at t ’ t- was pumped t brought them and t h e e
resulting heat Pat to m s  were s tud  I e’d by an tnt rared camera. T hi s  was
found to he’ a unique and sue cessf u 1 way t e e  t c’st solar pane l s . Thet ’
pane Is were pa Inteet wi the Rus to h own to increase ’ thee stir la~ t’ end ss l v i  t v .

The pane is exit lb I It’d ch it t vt - en t thee rma 1 pat  t e m s  whe’n oi’e r a t  eel
horizonta I ly or ve’rt teal l v .  In t hec’ h ot’ I zonta I post t (on , t hee’ f lu i e t
tended to flow In the two lowe’ r je a t hes and Ignore  the ( te t ,  1 tlppi ’ 1 ~~8 t Its .
In the vertical position , thee l i n t d tended t o I low I n  thee two ml d~t i t ’
paths and Ignore thee’ outer  fou r  pa t  hts

Varying the flow rate’ changed t l t t ’ t leenna I p a t ter n s  aced a u n i t  omen
the renal pa t tern  was th eou gh e t to e’et rr e spend to thee ’  m ic e  Ineucee I low r a t e
necessary to opera te’ tIn’ ~ys tern at I Is maximum elf Ic lone V .

Trapped a i r  was a problem tierteughteut t htt ’ t e s t  and r eal  — I (n it ’
the rmograph ev was fennel tee be a way to  t o  i i  I mneed t a t . ’  lv 1t  o t t  or t  H wer e
successtui  in t r y ing to remove th e ’ t r apped  a i r .

Seve r al j ea t i e  e’ons t r  let  tons we’re -a I iv I oca ted w I t h t lee rmog t -ap hv
These cons t r let  Ions appeared to be’ thee result of t rapped I mpuc- I t  I .-o
and/or const r tot ions due’ to I rregu h a t - i t t  vs (us  Ide  tIe .’ h (~ u Id pat ii wa i i  s

It Was cone I uded t h a t  , 1ev v a ry i n g  a l t  I lee pa mactee’ t t- r~ wit t i e  wa t cli I
- I the theerma 1 pa t t ern  change’s wi t i e  a scann iceg I n f  r are d  svs t one . par~une’t e lH

for  op t imum ef t~te. 1~ nc-v of Op ’rat  I on of t lee sot  ar 1e~ ne’ i s  cen t ci be di-—
termined wie I ehe we’re ’ not nece’ssar i t  y th ee ’ maceu lao ttit ~~ rs sugges (eel he:i I-aBe—
ete rn of ope’rat ic.n .
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On 7 February 1977 . the Nob raska A f i- N at  I otea I ( ti:il ’ti was tiseel 1 t’ I iv
ove r f ive  2 niOO~ f t  pa ties whet oh cove rent Of t cit  t A i r  hla~ e’ and stir r o u n d i n g
m i l i t a r y  and c i v I l  Ian htocis t ieg lao L i l t  (vs . The’ cond III ons I or t he .’ m i c a  i i ’~I
su rvey were 6~ F , 1000—ft bet ghe t , and Ole 10 h ou r s .

The Imagery sheows a ha ice of foe’ t around some of the b u i l d  t u g s  caused
by heat whtt’h has escaped throughi witedows and sit u ’ e.’a his ~nd r ( s i - i c

st raig h t up as I t h it  t thi’ iCe he 1  i ’ll t 51 cli’ 8 11 .
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Relatively new two—story , fou r—un i t  town houses displayed extremely
poor Insulation characteristics.  On the site , investigation revealed as
little as 2 in. of insulation in the attic and missing and thinly wrapped
insulation around the duct work. A child—care center building , which
is an adapted SAC design for other installations , showed excessive
heat losses. No insulation whatsoever was found between a false ceiling
and the gravel/pitch/felt roof. As a result of the IR survey , the roof
design is being modified to include insulation.

Several side—by—side single—story and two—story duplex units revealed
different heat loss patterns. The single—story units exhibited well
insulated patterns, but the two—story units were almost uniformly bad ,
and even the white halo around each was brighter. Both types had 4 in.
of rock wool in the attic , but the single—story units had all their duct
work in the basement while the two—story units had their heating ducts
in the attic .

Newly built civilian homes, except for one home, appeared well
insulated. The owner of the latter home found that the contractor had
neglected to install any insulation; this oversight was shortly corrected .

A comparison between old and new roofs in side—by—side buildings
illustrated water seepage into the felt through cracks in the pitch
and through capillary action in the deteriorating older roof . The
new roof appeared uniformly dark and cool.

61. MILL, P. (1978) Thermograp hy - A ~c~’ builJing s~~-ience tool.
Four th Biennial Infrared Information Exchange, St. Louis, Missouri.

Since September 1977 , Public Works Canada has been surveying
Canadian Federal Government buildings, involving the PWC headquarters ,
Department of National Defence, National Research Council, and Depart-
ment of Indian and Northern Affairs. The objective has been to determine
the potential for thermography and build ing science in evaluating
building enclosures in diverse Canadian environments, with particular
attention to design of arctic buildings. The results indicate that use
of hybrid thermographic/video equipment, in ground and aerial building
performance surveys, yields significant maintenance and retrofit cost
savings through early identification and resolution of enclosure defects.
Thermography relies on building science expertise for correct interpre-
tation: without it, thermography currently cannot interpret adequately
any building failures. It is important, consequently , that an operator
be competent In knowledge of fundamental building science as well as in
knowledge of thermography.
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62. MILL, P. I 4.D.  (1978)  Deve lopment of PWC capability in thermo-
graphic diagnosis of bui lding enve lope deficiencies . Public Works
Canada , Technical Development, Architecture Division, Ott n~a,Ontari o, Canada , Report Series No. 26’, March.

Public Works Canada’s study of the design and performance of building
enclosures in Canada has revealed that insulation placement , air tightness
and vapor control frequently are defective. These inadequacies result
in moisture accumulation on the inside surfaces of wall and roof con-
struction. This reduces thermal effectiveness , and in certain instances ,
eventually causes material degradation . In the arctic environment the
effects of these deficiencies are more apparent because of the low
temperatures, and the effects lead to severe and unnecessary stress on
building occupants. The immediate effect on the builling operation can
be inefficient energy use with respect to heating and cooling, resulting
in unnecessary discomfort for the occupants.

The Property Administration Branch of PWC indicates that approxi-
mately $10 million was spent on building maintenance in 1976—77 . At
least two—thirds of that sum was spent on repair and general maintenance
of building enclosure elements. Use of building science for quality
assurance extends from the development of design concepts and contract
documents to supervision of the construction , and preventive maintenance .
This is particularly critical to the occupants in the Arctic owing to
severity of climate and relative isolation of buildings. To date little
if any formal building science analysis has been included in any of
these processes.

Recently developed methodologies in thermography and building
science offer great potential for quickly and economically identifying
buildings with enclosure defects and diagnosing their causes. Evalua-
tion of four government buildings during the winter of 1976—77 demon-
strated that thermography can be an effective tool for locating thermal
inadequacies in a building enclosure. The costs incurred for maintenance
and/or retrofit of the four buildings over a period of 5 to 10 years
totalled some $650,000. However, much of this cost could have been
avoided if therinographic analysis had been applied during the early
stages of building occupancy, or in certain instances, if building
science principles had been reflected in the design phase.

While other countries, notably Sweden and the United States, are
developing thermography to evaluate energy efficiency in buildings ,
little is being done in Canada. Only Public Works Canada is using
building science techniques with thertnographic evaluation to provide
more precise analytic capabilities and to identif y a broader range of
enclosure—performance issues for extreme climatic environments.
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The need to ensure thu conept-tencc of an o p e r a t o r  to  d e tec t  thermal
Inadequacies correct ly  has been demons t rat ed  th roug hout  the pilot and
subsequent build lug s tudies .  in add ! t ion , the l n t erd ep ar tm& ’n ta  I app z -oa chc
has proven to be pragma t ic , e ’t f i c ien t  and h igh ly  desirable .  Fol le ewin g
completion of t h e  current  f ield programs , an other I n te r d e p a r t m en t a l  and
regional program should be considered to  f u r t h e r  develop thermography  to:

1) assist in the q u a l i t y  e va l uat i o n  of new b u i l d i n g s  b y i d e n t i t y t u g
and understand lug thermal . inadequac it ’s wh i le -  t h e  bu i ld i ngs arc under
g u a r a n t y ,  t leus avoiding cos t ly  long—term deg rad a t i o n

1) become an e I f ~~~t i vc  preventive maintenance’ tool

3) assess the energy e f f i c i e n c y  of b u i l d i n g  enclosure’s by inter-
preting heat—flux distribution through t h e’ building walls (for retrotit
purposes)

4) improve building science expertise ’ in design and construct ion
in Canada.
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A Series of in f ra red  contras t  measurements  eel hee ’at e’el b u i l d  i cegs against
snow background was carried out at DREV under a v a r l e ’t v  of winter
weather conditions to obta in  an i nd ica t ion  e~l the ’ u s e f u l ne s s  eel t h i s
type of equi pment dur ing  inclement weather In the’ Ar e- t i c .  image’s we ’re
obtained on an 8—13 ~im AGA Thermovision wh ich was c a l ih r a t e ’d us ing  a
portable AGA Source and a Barnes i’RT—S radiometer. In ee e-dlnamy snowfall
the infrared was no better than, and sometimes inferior to , visua l
performance. However, there was some indication of ace advantage for
the infrared in very fine blowing or falling snow as well as a distinc t
advantage in some log conditions.
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i)uring the past five years the use of itefrared thermography tot
conducting energy audits of buildings teas inc-reased s i gn i l l e a n t ly .  As
the requirement for an objective analytical technique [or deecun eonting
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heat losses from buildings has grown s teadi ly ,  so has the a v a i l a b i l i t y  of
various infrared remote sensing systems.

The evolution of these systems , wheich vary widely in price and
capability, has created a need for clarification of their respective
roles in assessing the nature of heat losses from buildings . Therefore ,
an ASHRAE Standards Coemnittee (SPC lOiP) was created to devise accept-
able procedures ice using these systems , witb partici pation of both the
public- and private sectors.

Th is paper gives a short history of the use of infrared thermog-
raphy in conducting energy audi ts  of bu i ld ings . The progress and
current status of the ASHRAE Standards Committee are reviewed . The
problems in attempting to develop a quantitative standard are contrasted
with those problems inherent in the development of a qualitative standard .
Possible solutions applicable to both situations are discussed . The
results of a comparative evaluation of the major types of infrared remote
sensing equi pment , sponsored by the Department of Energy and made at the
U.S .  Army Cold Reg ions Research and Engineering Laboratory , are presented .
The paper ends wi th  a short discussion of the success of the New England
Innovation Group, in spite of all thee potential standardization problems ,
in using infrared thermography to help local public officials in New
England control rapidl y escalating heating costs.

t~~ . ‘u ’:io , 5.11. , .4. ‘o? , S. ~ ‘ . ~ zrs1~~L 1 ond A. R. ‘e’ot rea I5 ’~ ) ~
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The types of por tabl e  i n f r a r e d  sens ing devices considered for  this
test were: hi gh resolution thermal imaging systems , low resolution
theerma l imaging systems, and thermal line scanners. Thee test consisted
of locating 50 insulation and construction defects , deliberately hidden
in the walls of an electrically heated test shelter situated in a large -‘

laboratory cold chamber . Each participant performed three 30—minute
tests at temperatures of approximately 25°C, 15 C, and 10°C across the
envelope of the test room.

Analysis of the results showed that the two high resolution systems
performed considerably better than the line scanner and low resolution

— systems. All systems identified low resistance levels (i.e., voids ,
defects, air leaks) better than they determined the level of insula-
tion of insulated regions. Thee high resolution systems located two
to three times the number of defects and air leaks located by the
other systems . Hard—copy capability , especially video recording , was
judged to be beneficial because several defects not reported due to
operator error were found on thee hard—copy documentation 1w the eval-
uators and included in thee scoring .
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The probabi l i ty  e f  a hi gh re-so I u t ion svs tern  I I ted lug  a dot  oct oc
v a r i a t i o n  ranged [rone 79~- to Q1’ ~; thu.- low r e so lu t i on  sy s tem ranged I I - L I

~~~ to 34%; and the l i n e  scanner I rem I8~. tee .‘
~ (e~. . The’ line st-a nut ’ c seeuet’d

part  Icularl y susceptible to tempera ture  v a r i a t  ions e’aused by o p en i n g
and closing the test shelter doter.

55. MUNI S , 11’. 21 . ( 1 5 ’ ’)  Ii , ‘0 I~’ i’ ~i:d , ‘ I ~~: - ‘~~ 0 0  ‘:~ -

• ‘:~‘c ’o : 0 :~ cv •  . ‘11 2 h ’ I I :~ ‘ ,:o , - ; • - I ‘
~~ ‘ c ’  ‘

~ ‘: • 1 ’ , ‘ 
- P’~~ ‘‘ I ,

I i;01’~~~ ‘ , :c ~,~ ’ :i , ‘,“ -‘ 0.

l~le is book is addressed to d o — i t  — v t n i r s t ’l I homeowners i~’Iio ar t-  I ut  cres t  c -S

• in heow to  correctly and c’f f e ’c t ivc lv  i ns u l a t~’ t he i r  heeeuses . i t  out  i i  ties
thee f i r s t  steps toward learning th ee f a c t s  about house ’ Inset  t a t  i o n .  I t
introduces the t ermin(elogy USt’eI by bui ld  i ceg and I cesu 1 a l l  ceg coc cI c a c -t ols

• and explains  why very few of them leave het ’en ale it’ to ice set  l a t e  leouses
successful ly to cope wi th  today ’s leigh cost  ot en ergy .

Most important , as a p i oceee’ r in t h ee ’ use of infrared t herneograp hv ci

pinpoint  insulat -ton def ic ie’nc it ’s in lent lel I ugs , the ’ ant  her exp I a ice s
and demonstrates the en t i re  process ot I n s ulat  i leg c ’ore e’e- I Iv Ic ’ e’I i t ’t ’ I a
dramat ic  reduct ion in fue l  b i l l s .  No cent ’ sleeved It tnt ; lee acqu  tr od t h e  i s
Ic e I ornea t ton the hard way • he’ ceot ten lv  demons t r a t e s  the ’ t ee  he ci i qut’s o
t ’t t ect  tve i n s u l a t i n g , but ete ’scr lbe -s the e’ssent t a ls  ect var i~’ct s I v1’ , ’5
of I n s u l a t i o n .

The au tho r  dispels several popu I ~er my this ~h eeeu t  I n c-i n I a I i  leg , lie
shows how to Insulate  a h ouse to heo t le sa\’e’ ueocet’v aced have’ a more corn—
t eertable, draft—free house.

Most people believe tha t  i n s u l a t i n g  a lceeuse can be ’ clocet ’ on 1 v by ace
t ’xpt ’r lenced e-ont rae -t or .  But t ile ’ author  dese’r Ib e ’s t e chen i que ’s t h a t  most
c’ cetet rac t or S t t~ t ’ not even aware of . Al t heough many peep it ’ i ’ve I 0\’ ,l 0 ceg
e’a rp e-nt ry wor k , some’ cmiv not be’ ice tt ’rt ’s I t ’d icc  be-cern I ccg I cevo l vt~ t t~

- I ii
Ins et  l at  ing . l’hcs&’ peep i t ’ are miss tug thee ’ sat i S L i t’ I I oce o f e rca I i ceg a

wa rm and comfortable ’ leouse whet i t ’ a t  t h e  same’ t I nec e’n I  ov i ny, the e’ 
~
‘ i , t  S ,  ci

anti ly , friends , and neighbors [or  being ale i~’ to 1 ov~’r boat i ceg c c ’s  I

rh is book tel fers an a iternat [ye to h a v i n g  tel gte leeat lug c O S t S  , iIeel an
tic econete ’r tabi  cc home

s ’ . s: x:s , ,~~. :1. ~~~ ) 
~ 

- y’-: ‘ o ’ , :: -i ~. A •~~ o o :.  I ’  : c , ’ ”, I ‘c ’ ‘ 1 ; , -
I i-’ •~, I

I ~~~~‘ c ” -: ‘~~:1.i”:0 , I:- p.

Th is teook ou t l i ne s  an anteovat lye , ex i s t  lug I t’cleno I ogv t h a t  prom i Se ’c- ; r
t e e become , w i t h i n  thee next  I lye ’ vt- i l l s  • t he s iceg Ic most i ccepot’t ant tee It -
no logy [or t ’l I oct tng energy conservation i c e : i h i  hen l i t !  I cegs i i  10 5 5  t let ’
Pie it ed Sta tes  — Infrared therneoj~~~p,~iv.
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In f ra red  thermography use’s an i n f rar e d  caccee’ra system t o  det ec t
heat radiated from an o bj e c t  , and can he omje loved to i’ itepee l i t t  the  I o~’a—
tions of w a s t e f u l  and cos t ly  hea t loss aced ga in  ice e’Vc rv ctenee’ivahle
type and size c’f bu i ld lug . 11cc’ leoetk e’mph:-isL’cs that a shor t  — t e r m
solution to the’ Energy Cr isis caee be’ eeht :t m e d  on 1 r 1ev :tdt ’qu:ct t’ 1 y
insu la t ing  every b u i l d i n g  i te t lets count vv — and lcd c-a I’e~t t hee’rmtegraph I c
inspect ion is the only method by wh I e’Ie t h e  ~ I I eel ivt’ness eel it ten lid lug ’ s
insulation can he monitored .

The aut hor g ives a dt ’ tall e’d e’xp lana I I cdfl ci t h i s  I e’cleno logy and I t  s
potential .  as a new and l u c rat i v e  business i • t’ . , how a len l i d  lug lecat
leess inspection service cace tee e ’stabli sheed anti pr of i t a b i v  ee 1eerat i’d I
and i l l u s t r a t e s  tleat no new re e’h ecwlegtes  are requ i red  t o  assist  heeenec —
o~mers, businessmen, and i n d u s t r ia l i s t s .

Pheetographs of the AGA Thermov 1st on 1sf rared Cetneera Svs t  one are
included as well as the’rmograms (‘‘heat p i c t u r e’s” I she’wiceg cost  lv lee’at
1 e’c S 5 .

1:t :,~~~

I 

~~~~ 

~~~ 
• ~~ ~: 

•

A method tee assess qu I e’k lv  the  i cesul at Ion effect I Vt ’c le ’sS eel bet i Id tu gs
using mob tie -tnt rare’d tlee’rneographv has bet’s dove l cept ’ch at CI~REL. In
contrast I o the in frared t tcermographev dont’ fit Si,’c’de’fl , t I e  is met heed e-oie —
centrates on t ebta  ining use’t ul da ta  by cnt ’asecr ing thee ’ cents hit’ sur f  :1cc
temperature ot s t r u c t u re s .  Th is repor t e C t i t  1 lne ’s Ihe  has Ic ’ 1e r icee - I 

~
‘ I (‘S

involved in th ese neeasure’nu.’cets , ant i d iscusst ’s I I t ’ id measurc ’mt’cet s and
the inherent advantage’s of I c ef t’ ared t leermogc-ap hv . Tvp i e ’a 1 t hcrrnt’grarns
are presented in thee ’ appendices .

~~~~~~ 
,‘1 x:s , 5. 21. , 5. 21. , ‘, ‘c’:. - c’ , .S. ,~I :c’c ;.:,’ : ,: ‘ ;S y~~;~ , “:,: O • ~ :‘ -
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- i’o’c’o v, - ,i Ii ;, - c~ x ‘or, i :  -

- A :’ c’ - ‘c ’ , ’, - S:e, - . 2’,’rlo--: ‘:, I .. X 5 .
5, -o~-oc’o~: 5 ’:-orl  555 , .45 4 , ’::’: : ,- , .5 I ; • c--’ , ‘,: c ’.o:.-~ • 55 ‘.

Dur ing thee w i n t e r  of l~ 1— 5~, a m o b i l e ’ icef e -ared  t heet -meegrap he v s\ - s t  em
was used to survey housing uce I t  s and base I tu’ l i l t  los  itt  Peas~’ A i r  Forc ’e
Base , Portancouthe , New Hampshi re .  lie Is rt ’pe er t  p t 0V I de’s heel be quit l i t  itt IVe ’
and quantitative cv idcnt’c’ regard tug heat I low ceu t of t hee’ cave ve’nt s 01
these heous tag ucci t s. Ca lou hat I eens I ted I ~‘at e t h a t  a s I gee i t  i cant anee’unt
eel heat is bei ng lost In t h i s  cceancet’r dccc ’ t o  iceadequat  e at ti c ~

- ap I

in sulat  ton . Possible e’v ldent - e’ of ine ’onep l e t  e’ vent  I h a t  Ion e’eeu hi expla i n
the presence of condensat I cell I c~ thee heous lug u c e i t s .  Atea lv  se-s of t hee’rceee’—
gram s are presented to show thee’ p o s s i b l e’ e’xl  St e ’cec e ’ of hew and leigh 

- 
-

Icressure areas arotrnd a st rue’t ur e ’ aced how thee v r e - l a t e ’ to le e ’eit loss -

‘4 .
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During the win te r  of 1973—74 , a mobile in f ra red  thermography system
— was used to survey the CRREL main bui lding at Hanover , New Hampshire .

This report  provides a descript ion of excessive heat losses at several
locations around the bu i ld ing .  This repor t also discusses the need
to careful ly  monitor meteorological  condit ions before  st a r t i n g  a survey
of a building exterior to determine if solar rad ia t ion  decay f rom the
building surface might interfere with therinographic analysis by masking
the heat emanating from within the building .

71. .‘5’.\’[5, 1?. 11., 5.1 $.,u’o,:.z! 1 o: , 2 1’!. -1 . Suc : ( : s ’s )  : ‘,‘ 1, -O t i~ 01  ~~~~ I cc t :
‘ z ~ , - o , - .’/ th “:oi’: ~~~

‘ :,“i , u ’ . ’ 1 t i h 1~~’2~ ’ J ’ ~p ’ : i . i0V1 ii ’: “ :~ I :‘ ,.:

.~~~ c : f / - I . : I i : ’ . I~~~t 5 ’cc  cit , ‘.L’’1?-~~’U I /1 •‘0~
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,’, :1: ’:o: ’.-i ’ , 5, ’:. ’ : S r ’: : - o I I c ’ , - .
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During the winter of 1973—74, a mobi le  i n f r a r e d  thermography system
was used to survey campus bu i ld ings  at Dartmouth College , Hanover, New
Hampshire. This report provides both q ua l i t a t i v e  and q u a n t i t a t i v e’  data
regarding heat flow throughe a small area of a wall of one brick dormi—
tory building before and a f t e r  i n s t a l l a t i on  of aluminum r ef l e c t o r s  be-
tween radiators and the wall. These data were used to es t imate  annua l
cost savings for 22 buildings of similar construction leaving aluminum
reflectors installed behind 1100 radiators. The data we’re theen compared
with the actual savings which were calculated from condensate’ meter
data. The discrepancy between estimated and actual annual cost savings
is explained in detail along with all assumptions required ~or these
calculations.

75. MUNIS, 2-1 11., 5.11. i lc i - /Jcor l  cimi $~
‘ . ) / I - ’.’j~ (IS ’S) S ‘:_ ‘c .Zl’ , I

I: ci c~ tha 1 ’. 5. ~
‘
• ‘.w I Ju.n ‘~2 .4 ~~~ 2 v’::. . ‘$c’JIIS ‘5’. 5:’:: , V 1, ’

(wq - a1’.’ :‘~th~’.i) , 75 1 ie~’ c’ks:r~u c:e, 47’ .

- On 25 and 26 February 1976, CRREL workers surveyed Coast Guard
Academy facilities in New London , Connect icut , using the AGA Therceeo—
vision System 750. The main purpose of the survey was a field evalua-
tion of the AGA system. The survey time and scope were limited to those
necessary to obtain a reasonably good idea of the capabili ties and
l imi ta t ions  of the AGA system ; however , almost every academy s t r u c t u r e
was surveyed f rom two or more sides; this report gives a good genera l
idea of the relative thermal e f f i c i e n c y  of each bui lding.

The report contains theerneograms of various buildings , paired withe
normal photos taken some time later from about the same position .
Thermograms in this report have been enlarged about two times. “Normal”

photos were taken with a Kodak Pocket Instacnatic.
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Each page t acing the theertiee gr:uees aced pleec t OS de’Sc c I b~ s I Ice ’ p a c t  i c c i i  cr
bu i ld tug surveyed and makes cert a in oleservat ions deduced I von ccc :cica I vs i s
ief the thermographs. Almost a l l  of these the e’rmeegrane s we ’ re ’ t .ci~ ’n at

night , between 2100 and 0200, when thee ’ temperature- was about ‘~~‘~ F .
This was cee -oe-ssarv during the survey pet’ lod because’ of t h e ’ u n u su a l  lv
warm (mid—60 ’ s) , sucenv days.  The d i f  t e’rc ceot ’ tct ’t we ’ecc outdoor  and i cee h ec er
tempe ra ture  should be greater t i tan l(~°h I eec e ’I I e’ c’t  l vi ’ tIeerci eeigt’ c4~i i cv .
Fu r ther  • the absorpt ion of solar energy by necesenry and c o n c re t e ’ sur i cec e ’s
completely d i s t o r t s  thee t r ue’ thee ruecel p i c t  t ire i t  i 5 a l so  p~~~~ib le ’  t ha t
rerad tated solar energy u I  fe ’c Is therm ograph y i f  mactv h ieeur s  l i i t y t  not
pa ssed since sunset .

A single number in the upper le t  t —hand c’orne’r , oc- cit t h e ’ t op  ed ge
e e l  e’acIc thermogram (usually “2” or “C ’l , iced i cate’s t h it ’ norceece I eli 11ev—
ent La 1 thermal scale shown. This number is in  cie ’gree’s Ccl si  us , cit e d
re-presents the approx imate  d i l l  erencc ice t emp”rature ’ he e’t wc’c’n ‘‘ \‘ ( ‘t’V clark
(r epresent ing cool) and “very I igh t” ( r c ’pre’sent iceg warm) - The ’ le ’f t—
hand scale is u sed in the  ‘‘ I sothe-rm mode’.” viii cit is  e’xp l ctl nod vi t I e  I ce I lie ’
re por t .  
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An in te r io r , i n f r a r ed  theerceeographio survey of s i t eg l e ’— pci cet ’ , a lu m i num —
france, projected windows was performed t o  p inp o in t  locat  ions  e~I excessiv e

Infiltration . Infrared theermographic inspe’ct ton  ace’on~~h i s he ’s  t h i s  ceceere ’
quick ly and more accurately than convent ional  t echni que’s of s t u dy I n g
window infiltration . This report presents 12 thermograms and ph o t e egrue ~eh es , P
which in many cases d rama t i ca l l y  i l l u s t ra t e  i n f i l t r a t i o n s  I )  aretinel
thee mul lions, 2) a long thee top opening cracks , aced l ’t unde’r t ic e’ I rame’ Is i l l
interfaces. Poor glazing seals were easily detected and thee exact  —

points of glass/france leakages were p inpointed . Plume s ot wayne air ten
the window glass, c- ising from thee convectors , t,-c’re’ druimue t icallv cap tu red
h’v the inf rar ed camera system . Ice several ease’s , the’ p l umes we’re noted
12 It above the c’onve’ctors on t h e  top window panels. Heat less I r,em
the convectors was noted th rough thee walls of the building In th e’rmograms
taken from thee eeut s i d e s  Several receemm e’cedat l eeciS were ’ pr epared t or the’
General Se’rvices Administr ation , owner of thee Federal lCf l i c e ’ B u i l d i n g
in Rurlington, Vermont.

‘4 M ‘S :s , 5. 5. ci’:,f 5.. , ~t : c ’ ~ci ;,~ ,
‘ ‘5 - 5’ ~~~ 1:1 /:‘,- .:‘:.: ,• :.o :5’ j ’ ” 0:’ :~.~

:- :~ : ~
‘,,ii ,c.:ue - :1 2/i . ’~ , •:!‘_ c , ’Z .t - c’  A ’ ’ !-‘. ‘c o, ’ ~~~~~ •‘.‘.‘:O:!:,.’’, •~~~: . ‘ , 5 / ’ ’_ ,.’7’,

47 ’ I I, ’r~-:, ‘ ‘c’ c — — :.-’~ :- .

A heat loss survey was performed ten f iv e ’  typ ical Air Force i~uiSt’

buildings with e an infra red  camera system : two with woeed Ie’ itctee~s and
wood clapboards , one wi th  wood I name’ and a lumiceum si di  ceg , aced (we e of
(-t ndor block construct ion wit h  br ick veneer.  A w a l k — t h r o u g h inspec t le ece
was also per formed on t heree of thee st ’ b u i l d  I cegs chosen hey p ree ’ c’O t meece t i e rs
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for  r ct ,r of i t t  tug . l’his r epo r t  p resent s  thermograms (Vp i ca l  c~t ( l ie ’ lee’at
loss problems in each of the  f i ve  b u i l d i n g s  along w i t h  a comp lete-  e x h e l a —
na t ion  of each thermograue . The purpose of thee report  is t o  serve ’ as
a basis upon which Air Force c i v i l  engineers  c-an plac e a f u t u r e  re’ t v o l  i t
prograne f o r  the ’ bu i ld i ngs surveyed and w r i t e  a set eel spt’c i t lca t i e eces
incorpora t ing  thermography . Typica l  thermograms show I-t eat loss f rom
large , single—pane , steel—frame , projected windows , which in e’it t’ b u i l d i n g
account for  50% of the total wall area . Infiltr ation leesses through
framing spaces for all windows are evident. Heat patte’rces from precast
concrete floor slabs and radiators under the windows sheo w up c l e ar i~’ .
Ribs in uninsulated door panels arc clearly se’ece as well as leakage
around thee doors. Heat loss t h r o u g h  thee roof of a one—story duplex was
easily recorded Iron the ground using the infrared camera system .

• Themmograp hic comparisons between windows with storm sashes and a p i c t u re
window with insulating glass were made. Heat was found escaping from
slab foundation vents and gable vents.

5’, 5. 21. .:~:,i s . s . ‘-~~~‘a; : ,c : : 7 C~ 4’: a :‘~ 2’ , ’:-’ :e ’ ,:‘ :7’ OyO:.’,,$

I ; :cC’C -0: ~ ’, :: - ; ::~~
. ‘ ‘O’ t ’ ’ 1 :5’’ : .‘_° ~~ S c $ — o I - . r:- 5 .5. K~’’ :’ :, ’ ,$: -

‘or:: : ,-
~~

- . ‘,ss~: ~~~~~~ -
‘ \ ,  ‘I,  - 

~~~ - : I’ , c’i :, , 57 I :~ 
-
~~ “ :, ~~~~~~~~~~~ : : - .

A e’lose—up i n f r a r e d  th ermograp h ic  ana ly s i s  of the  t o t a l  envelope
of a modern h igh—rise  building consisting of two 26 s tory towers and
a connec t ing  low—rise ’  u n i t  was pe r fo rm ed  d u r i n g  Apr i l  1977 •  Thee s ide
wal l s  and i n t e r io r  portions were surve-ved with a ACA Model 750 Por tab le
Thermal Imaging  Sy stem and thee ’ f l a t  r o o f s  were surveyed f rom a heli-
copter  using an ln I r am o t n i ~-s Meede. l 510 Por tab le  Thermal I cteag ing Sy s tem.

The ground level analysts of thee side wal l s  revealed s i g n i f i c a n t
infiltration and conduction losses from the single pane windows which
constituted approxiiccate’ly SO%- of the total wall area. Unevenly distrib-
uted plumes of heat rising against the inside glass surfaces indicated
uneven heat circulation from the convectors in addition to excessive
losses therough the glass. Many of the concrete spandrels under the
windows showed warm patterns comiceg from the c’onvectors and risers
indicating an uneven application of specified ices cicitie en .

Closeup investigation front thee inside of se’lt ’cted windows revealed
inadequate caulking and poor glazing seals and leakage ’  between units.
Excessive leakage was observed t rom all glass stairwells and connecting
corridors.

Entrapped moisture was detected in the second floor overhang above
the two—story all glass lobby .

The Inf rared  roof survey revealed only one wet area oce the low
rise roof . The two leigh—rise roofs and several small connec t ing  r o o t s
appeared to be dry. The suspected wet are’ue was marked w i t h  alunei c ’cum
paint which allowed the airborne thermographeer to check its exact los,-cetion
and confirm via two—way radio.
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76. MUNIS, R.B. and S.J. Marshall (1 9 7 8)  An airborne and ground
thermographic inspection of the Internal Revenue Service Regiona l
Center, Andover, Massachusetts. C’RREL Technical Note (unpublished).

An infrared thermogmaphic survey was made of the total  envelope of
the one—story IRS building which covers an area of approximately 300 ,000
square feet. The seven—acre roof was surveyed from a helicopter using
an Inframetmics Model 510 Portable Thermal Imaging System and the exten-
sive side wall perimeter was surveyed using a AGA Model 750 Portable
Thermal Imaging System.

Thirteen suspect locations were discovered on the roof and marked
with aluminum paint under the direction of the airborne themmographer.
Core samples of these suspect locations were taken to verify the extent
of entrapped moisture in thee roof insulation. Most of the core samples
were soaking wet when removed . On the basis of this infrared survey,
GSA personnel decided to change their plans to replace the entire roof
and instead repair the wet locations at considerable cost savings.
Correlation of the ground survey thermograms with the roof thermograms
led to the discovery that the north , east , and west walls contained
moisture approximately below the locations corresponding to the three
roof moisture locations that existed along the parapet walls on these
three faces. This suggested that the roof moisture got into the walls
at these locations. The south face was found to be dry as was the roof
along this face.

The side wall survey identified exfiltration from single—pane
windows and doors, unusually warm vertical columns, and a warm floor - -

slab. Since most of the large wall area did not contain any openings,
it was decided that the wall heat loss was reasonable and no reconmeenda—
tions were necessary at this time. -~~

77. MUNIS, R.H. and S.J. Marshall (1977) Qualitative assessment of
window heat loss using infrared thermography . CRREL Technical Note
(unpublished), 6 thermograms, 6 p. Thermograph~j and ~~er~”
Coneervation, First Canadian Sym ’po sium, Toronto/ Montrea l , W. D .
Stain ton, Editor.

An experiment was performed to evaluate four identical side—by—
side windows in the sane room. They consisted of 1) a single—pane - 

-

glass, 2) a single—pane glass with storm sash (air space 1 1/2 in.),
3) a single—pane glass with 6—tail clear plastic (air space 1 1/2 in.),
and 4) insulating glass (1/4—in, air space).

Conclusions were that either glass or plastic performs equally
well as the second glazing, but that the important factor is the size
of the enclosed air space. The 1/4—in , insulating glass did not appear
to perform much better than the single—pane glass. Infiltration around
window casings was also studied. The camera was able to identify loca-
tions of deteriorating and/or missing caulking.
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Pursuant to a contract negotiated betwe’en the State ’ of New Hancpsleire
and the U.S. Army Cold Regions Research and Eng ineering l,ahoratorv ,
a heat loss survey to pinpoint excessive heat losses was neade of 10
selected buildings in Concord , New Hampshire. Three the’rme graphers,
Dr. Richard H. Munis and Stephen i. Marshall of CRRE L , and Paul E.J.
Vogel of the U.S. Army Materials and Mechanics Research Cen t er  (A~~tRC) ,
performed the survey using an AGA Thermovision Infrared Camera System.
Following the heeat loss survey , a walk—through Inspection was made’ of
all buildings. The combination of da ta from bothe inspections was
used to make recommendations for corrective actions .

In order to make a comparison of the 10 buildings , the cocceept of
s t r u c t u r a l  thermal e f f ic i e n cy  is introduced in this report. It is
s t r i c t ly  a rb i t r a ry  and somewhat sub j ec t ive , w i t h  the  SOle’ purpose ot
t rying t o assign a priority to theose buildings t h a t  were’ estimate d to
have the worst heat losses and , therefore , the hei gheest potential b r
maximum dollar savings to the Sta te  of New Hampshire. Thee ranking of
the 10 buildings is as follows (the lowest strue-r ura l thermal t’ffic—
iency, or worst heat loss , is ~ 1; the  hi ghest  s t r uct u r a l  therma l e f f i . ,’—
iency , or least heat loss, is ~10):

1. Department of Public Health
2. State House Annex

- 
3. State House
4. State Highway Garage
5. Supreme Court
6. State Library
7. John 0. Morton Building
8. Department of Fish and Came
9. Health and Welfare Laboratory
10. Legislative Office Building told Se’ct ion)

Detailed reports on each of the 10 selected b u i l d i n g s  are presented .

‘7. MYNTS, F. H. .:‘~~ 5. F. voo~-: :7 — ‘) : ‘~-a~ :. -,:I , a ~ :. o- .“ ,‘ I

F. ~~~~~ ~~~~~~~ ‘~~~~~~‘:
‘
~~~-~~, 5~~’5. ~~~~~ 

5c5c1~t :‘~: :‘rt’:’ara ~~~ 
‘ 3 -

, 

~~‘e “~~ ‘.:ra”:a , 7 : -

The Harold F. Scott School was surveyed with an int c~’red camera
during November 1976. It is a single—story 14—sided polvg~’na l b u i l d i n g
built in 1965. The unusual—shaped roof was viewed with a tire depart-
ment aerial tower. Pockets of subsurface moisture we’re’ observed .
Conduction through the steel rafters was evident .
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The single—pane glass heat loss appeared to be about as large as
th~ roof loss because the source of heat was under the windows. Up to
16 F temperature differences were found between classrooms . Vandalism
was a factor in deciding not to incorporate double glazing.

Recommendations are included in this study, based ~n thermographic
analysis and walk—through inspections. This analysis represents the
first known attemp t by public administrators to recognize the potential
of Infrared thermography and use it to survey publicly owned buildings
through the Federal Technology Transfer Program.

~‘J. ~
‘eL ’ ~ j  2 z n ~i ~~~~~~ ~-L~~ ~~~~~ - (~ 9 7$) :~-w Eng ~v~J C’o~runun i r~. F~~ i’~~.

~ia’~ .w~~nt Fr.’.irLzr:: ~-l1-E Z -i.~a t-~- ., ‘~~ . ‘~~
‘ thermogr ap hic n~~ e ~

‘
~~~: ~~ the

r ~~~~~ ~zi~~ L~,e -~~ j ’ t~ ; - ~.i. zZ ~~~~~~~~~ fn ~ ~ie~ Berl 7 ’~, N. H.  R~9
NFl ] , .37 Hkc 7t. , ~ v-~~’n~c, R1~ d~- Island 01903.

Four reports are included in this series:

1. Energy management study of the Marston School and Berlin
Junior High School, Berlin, N.H., 29 thermograms , 33 p.

2. Energy management study of the North Country Community Services
Building, Berlin , N.H., 14 thermograms , 15 p.

3. Thermographic inspection of a Berlin , N.H., multifamily
residence participating in the CD rehabilitation program ,
7 thermograms, 7 p.

4. Thermographic inspection of the Pinkham Notch Camp Trading
Post Appalachian Mountain Club , Plnkhane Notch , N.H., 10
thermograms, 10 p.

The purpose of this study was to identify cost effective energy
conserving opportunities in four buildings included in a comprehensive
thermographic inspection and energy audit conducted in and around Berlin ,
New Hampshire, by the New England Innovation Group (NEIG). The results
of this study will assist local public officials and private citizens
in developing budgetary priorities In their attemp t to reduce operating
costs.

The thermographic energy audit is an innova t ive and unique approach
to the study of heat loss from buildings. It is an indispensable
analytical technique used in conjunction with a class—A walk—through audi t
to locate and document heat loss that is not evident visually . This
permits the assignment of priority to the various retrofit processes.
Prior to any retrofit , a therinographic energy audit is conducted with
the aid of an infrared camera system. A thermographic inspection is
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also used after a retrofit to confirm the quality of the retrofit process
to ensure that dollars are properly spent to reduce operating costs.

Heat loss from the four buildings is documented in thermograms in
these reports. The thermograms were analyzed to acquire complete
knowledge of the locations of all heat losses from this building complex .
This information provides the building operators with extremely accurate
data for their energy conservation program .

Each thermogram shows one or more of the types of heat loss con—
sidered in this study : infiltration, exfiltration , conduction , convec-
tion, and radiation. Each shows a specific section of the building in
terms of the four cardinal points of the compass. Photographs are used
to familiarize the reader with the building.

Based on the evidence from the therinographic energy audit , the
heating system of the building is analyzed and recommendations for
reducing heating costs are made.

81. New England Innovation Group (1976) Structural heat lc- ,
~~ecti~~b~ infrared techniques. NEIG, 29 Pike St .,  Providen~. • Fhocic

Is land, 02903, 48 p.

Aero—Marine Surveys (ANS) was contracted by the New Eng land Innova t ion
Group (NEIG) to obtain thermal infrared imagery of se lec ted  s i t e s  w i t h i n
southern New Eng land . A total of f ive missions , (seven thermal  sor t ies
and two photo/recon sorties), were executed for the purpose of evaluating
airborne thermal infrared techniques for the detection of structural
heat loss. Due to the late season and a general shortage of funds ,
efforts were concentrated on gathering qualitative data on a variety
of publicly owned buildings in the greater Providence , R.I. area. For
the same reasons, no attempt was made in the program or In this report
to render a final verdict on the infrared techniques. Instead this
report discusses only the equipment and techniques used , the targets
covered, and the apparent quality of the resultant data. A supplemental
report by Dr. John E. Lukens of Rhode Island School of Design is planned
(subject to funding), which will offer in—depth interpretation of data
on selected tar-gets covered in this report. The data developed in this - 

- ‘

program suggest a great potential for guiding decision—makers in eval—
uating management options relating to the energy equation. When the
data interpretation is accomplished , a methodology might be derived for V
management use.
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72. VERT , U. and W. Tt,’sche (1977) Measuring .-ncr ~y ‘ec ~’~ . !~kb i  i.-
infrared measuring system Thermobil now bc-i n~ tr- !~ d, ~~~~~ iz ’~-J
•0~r use $n ~orrun unitieb’. Encrgp Research Abstract e , ?1~ . 2 [ : I’2 ,
25 Ap r-il- 2 97$.

This article deals with the possible application of in f ra red  thermog-
raphy on the building sector . Due to the progress made in the develop—
ment of infrared—sensitive semiconductor detectors and the miniaturiza—
tion of the electronic parts , devices are on the market today which
render thermography independent of laboratories and allow outdoor temp—
erature and heat radiation measurements to be made with the aid of
batteries. Under the sponsorship of the Federal Minister for Research
and Technology , Messrs. Messerschmidt—Boelkow—Blohm (MBB) have developed
a device which enables very exact quantitative measurements to be made
and will be used as a mobile infrared measuring system , mainly in cocmnun—
[ties. The system is now in trial operation. The basic novelty of the
systems is a digitalization of the image signals into image points which
are stored in a fast semiconductor store for some time and then perm-
anently stored on a tape cassette. The data are evaluated by means of
a large computer.

7$. PALJAX, I. (1770) klr;.r 3cn. j & e ~“rom lu 3151, t -~‘r~c ’z: ~~~ - 3’: , 
~~
‘, :.

2968— ‘0. ~h~rrnog1 ’L l z ~j .znj FH.,-~’~:’ , ~~~~.i’~’ .Z 3~ ,:. 1- 3
S rr q ’oeium, 1’ ’ z t oj ’~~~~r~-.~! , 2—7 !‘~~‘.mP ~-r 1776. W. P. ~~~~~~ - ‘ . -
ES-i t,_ -i’.

Since 1968, thermography has been used in Sweden by the Nationa l
Institute for Materials Testing to detect heat leaks in external walls
of buildings. In 1972, a report was issued by the institution which
gives instructions to interpret thermograms and describes methods t o
avoid disturbing factors at measurements. This report is now the basis
of the routine measurements at the Institution which now carries out
investigations of buildings - mostly dwellings — on commission. This
year a Swedish Standard has been prepared on the method . It presents
terminology, principles of interpretation of thermograms , measurement
techniques, conditions , etc. A draft Internatic~al Standard was pre— —

sented at the 1977 ISO/TC 163 meeting in Berlin , Germany .

84. PALJA,K , I. and B. T~- t I ei’s~~’n ( P~~2) ]h, rr’-~ ~.‘i’~’; - - ‘
- .

~~~~

‘ Pu I
Svensk Bycjg t j a r s t, F~.x- ? -P ~$, ~~— 1117-i ~~~~ ‘ ,‘r:, s:.’, - 5 - ’ - , 700
thermograms, .‘-t ~ p .

Thermography of buildings is the first comprehensive manual (in
the world) which describes the theory and techniques employed in using
an infrared camera to determine insulation defects in buildings . An

- 
,- IR—camera produces a thermal image (thermogram) which immediately

reveals points of a i r  leakage and insula ion defects in the structure
under examination. Thermography is a co: venient nondestructive te st
method which may be expected to assume extensive application and consid-
erable economic significance.
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An introductory section describes the method of operation of an
IR—camera and the theory underlying the interpretat ion of thermograms
produced by t h i s  camera.

The main section describes the technique of thermography and provides
practical rules for work on the site . Conditions during measurement and
the accuracy of the method are discussed in view of the possible sources
of error and the desired results. Proposals are put forward for the
interpretation of the thermograms produced.

The document is concluded by a 56—page catalog containing over 700
typical thermograms, many of them in color. The catalog is divided
into two sections, one which contains typical thermograms of the most
common wall designs built strictly according to specifications , and the
other of the same walls with constructional and insulation defects of
general occurrence. Four different types of wall are described in this
way, two framed cladding panels, one sandwich wall and one lightweight
concrete wall.

This manual with its catalog of typical thermograms is expected to
become a standard work of reference, and it may also have legal signif-
icance in checking building defects. For instance, thermography is
eminently suitable for use in a dispute to provide a ruling as to whether
a structure satisfies the specified insulation requirements. During the
inspection of buildings, the manual is expected to be an essential work
of reference for quick and correct Interpretation of thermograms obtained
with the IR camera.

Developers and building enterprises may expect to save large sums
- - of money by the introduction of thermography as an integral part of the

building inspection process.

85a. PONTELLO, A.P. (1976) Energy and thermography : Partners of tomorrow.
Proceedings of the Third Biennial Infrared Information Exchange ,
St. Louis, Missouri.

85b. PONTELLO, A.P. (1978) Th - r ~nograp hy :  Bring ing energy waste to
light. Heating, Pip ing/Air Condi tioning, March, p. 55.

Experimental thermography tests were conduc ted in Philadelphia to
determine the possible extent of heat/cool air losses escaping from
rooftops, windows, and doors of buildings and homes within a selected
section of the city. The tests were conducted using a combination of
both aerial and ground level infrared thermography concepts. The objective
of the aerial tests was to capture the maximum area possible of a large
metropolitan city showing sources of energy losses. The results obtained
from the aerial photographs were later used as an advertising display
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to create public awareness of energy conservation. The ground—level
thermograms, taken of selected buildings along the route of the flight
were used to verify results of the aerial photographs . Additionally,
the  ground—level thermograms furnished evidence of specific areas of
buildings where the extent of energy losses was the greatest. These
sources of energy losses were the results of poor , and/or insufficient
insulatIon, Improper caulking, and lack of weather—stripp ing.

An overflight of a section of Philadelphia covering an 11—mile
swath was conducted at 0200 hours at 32°F outside temperature using an
AGA Model 680 system. Results showed major heat loss from windows ,
doors, and glass—faced buildings rather than rooftops in both resi-
dential and tall buildings . Ground—level thermograms of individual
homes and buildings confirmed these results.

Thermograms were taken at ground level of several buildings
constructed of different materials and varying in styles. Results
showed that excessive heat loss is experienced by modern—type glass—
faced buildings rather than by older masonry buildings . A comparison
between the renovated portion and the older portion of a large building
revealed that there was more heat loss from the renovated area, but the
windows in both sections were uniform in emitting heat.

The lower floors of a large building appeared substantially warmer
than the upper floors. It was determined that the building windows
were being recaulked at the time. Also , it was theorized that
thermography could detect an over—pressurized air system that creates
a cyclonic atmosphere and certain centrifugal forces which separate
the heated air from the inside walls of the upper levels and force
warm air downward and against the windows of the lower levels of a
tall build ing. A detailed study of a pane of dark glass permanently
bonded in place on a modern glass building showed traces of heated air
escaping from the bonded window. Also, the lightly tinted glass above
and below the bonded window revealed excessive amounts of heat loss
by conduction.

Numerous cases of insufficient or decayed caulking , and/or lack
of weather-stripping were detected around many windows on many
buildings.

Laboratory tests were designed to study the air flow p a t t e r n s
of fiberglass material having various thicknesses and different den-
sities. The resistance to air flow was determined as a measure of
time. Results showed that the average t ime for  the heated air to filter
through the various grades of fiberglass ranged from 5 seconds for the
2—I n loosely packed f iberglass to 3—minutes for the t i gh t l y packed
6—in material. Heat lost, as measured by time , was 35 times less
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for the tightly packed 6—in material than for t h e  loosely packed 2 _

in material. The tightly packed fiberglass fibers , after a period ol
time, had a tendency to bind themselves together , self—sealing any
minute holes.

The evaluation of the quality control of different grades of fiberglass
revealed, by thermography, that disruptions in the uniformity of t he
density of the fiberglass material , regardless of thickness , result in
excessive heat loss by conduction .

70. SAMPSON , R.E. (1970) App i 3.~ r . 3~~:e . 3 ’:~ ia r i ‘ ,~~0:’: ’1 - ::. Ie P d
• Theiwzojr-aphy an. I En~ ‘r~:p P. ~:e. -i’ea 1 3. ~:, !- ‘! i : :  I • a: z. :5 a ~ 

- - ‘.-; :~~ .
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pu,H f $ h.’d as ref 88).

During the 1975—76 winter heating season , Env i ronmen ta l  Research
Inst i tute  of Michigan conducted studies to test t he  a p p l i ca t i o n s  of
airborne and ground—based infrared technology to the  requi rements  fo r
energy conservation in buildings . Quantitative airborne data of Ypsilanti ,
Michigan, were collected and processed to Identif y roof temperatures and ,
subsequently, using a thermal model, to i n ter p r e t  c e i l i n g  i n s u l a t i o n
status. Environmental factors found to influence the relation between
roof temperature and insulation include the interior and sky tempera-
tures, roofing materials, and pitch and orientation of the roof. A
follow—up mail survey established the ability to identi fy insulated
houses from the airborne infrared data.

Ground—based thermovision surveys provided deta lied Information
concerning construction and insulation conditions of small building s .
In particular, interior thermal images showed the location of wall and
ceiling structural members, beat ducting , and sources of air infiltration .
In application to a large steam heating system of the U n i v e r s i t y  of

Michigan, the ground based thermal imagery revealed defective steam
traps, with a projected energy savings valued at approximately $~ S .000.

87. SAI’IP SON, R.E.  (1.’~77) A 1~~f .~eP3i [tp .‘f 3 ’: f i z i’ . - .i $-“ :p. -
~’: I c c. ’ : —

s truo I -ion oo.5: ~~~~~~ ‘p - ’:. H I .  P’: :‘ I ~~~~ -~:t.P 1 -
~~~ 

-~a’, ~~- -
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‘:: ~ 1! a I
ft1-i.yd~ .zn, 47 p .zjee, 24 I:. - - :. ’ .r-’:--~.

Michigan has adopted ASHRAE 90— 75 as its energy construction code
to become effective in June 1977. As part of this effort , the State
Energy Administration and the Construction Code Commission has investi-
gated the applicability of infrared imagery as a construction code
enforcement tool. The program is one aspect of a broader program funded
by the Federal Energy A d m i n i s tr a t i o n  to f a c i l i t a t e  the Imp l e m e n t a t i o n  of
the new construction code. The adoption ol this code is one of several
posit ive steps taken by the s tat e  to reduce the demand pr essures on
its energy.

- - -  -~~ -



The Environmental Research Institute of Michigan was selected to
investigate the applicability of thermal imagery collected with ground—
based infrared instrumentation to construction code enforcement. In
this recently completed study, 30 homes, representing the spectrum of
construction practices, heating requirements, housing locations and
styles in the state, were surveyed to evaluate the potential of infrared
as a code enforcement tool. The equipment used and the results of this
study are described in this report.

It is well known that many residential structures are not well
designed or constructed from an energy viewpoint. Thus, the question
which this report addresses is whether infrared devices provide a practical
and useful tool to identify and facilitate reduction of building energy
losses. This study examines infrared instrumentation , its operating
characteristics and analysis requirements, and inspects heat transfer
characteristics of a variety of structures. Several examples of the
value of infrared imagery in identifying heat losses are given. In
addition, the specific applicability of this instrumentation and analysis
technique to construction code enforcement is demonstrated. This study
does not cover every aspect of infrared sensing but does provide sufficient
background for the non—infrared specialist to interpret thermal images
of buildings.

The first part of this report provides background material on
infrared instrumentation, and the methodology of data collection and
analysis. The second part presents and discusses some of the qualita—

• tive results obtained in the program (i.e., construction abnormalities
and energy loss characteristics observable without analysis). The third
part describes the quantitative information obtained and demonstrates
the use of the technology to determine compliance with codes. The
fourth part demonstrates the calculation of a total energy balance to
facilitate analysis of the most co’t effective means of reducing energy
consumption in homes.

88. SAMPSON, R. E. and T. W. Wagner (1976) App lication of infrared 1oo~-
nology to buildings. Environmental Research Institute of Miohi~ia~:,Ann Arbor, Michigan (also published as re f .  86) .

During the 1975—76 winter heating season, ERIM conducted studies
to test the applications of airborne and ground—based infrared tech-
nology to the requirements for energy conservation in buildings . Quan-
titative airborne data of Ypsilanti, Michigan , were collected and
p rocessed to identif y roof tempe ratu res and , subsequen t ly ,  using a
thermal model, to interpret ceiling insulation status. Environmental
factors found to influence the relation between roof temperature and
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insulation include interior and sky temperatures, roofing materials , and
pitch and orientation of the roof. A follow—up mail survey established
the ability to identify insulated houses from the airborne infrared
data.

Ground—based therinovision surveys provided detailed information
concerning construction and insulation conditions of small buildings.
In particular, interior thermal images showed the location of wall and
ceiling structural members, heat ducting, and sources of air infiltra-
tion. In application to a large steam heating system of the Univer—
sity of Michigan, the ground based thermal imagery revealed defective
steam traps , with a projected energy savings valued at approximately
$35, 000.

89. SCHOTT, J.R. (1978) Principles of thermal infrared remote sensing
for heat cost determina tion. Therinosense I. First National Con-
ference on the Capabilities and Limitations of Therma l Infrared
Sensing Technology in Energy Conservation Pro gra ins, Chattanooga ,
Tennessee , 20-21 Sep tember, 1978, The American Society of Photog-
raninetry, 105 Vi2’ginia Ave., Falls Church, Virg inia 22046.

Aerial infrared thermographic surveys offer a potential for low-
cost roof—top heat loss surveys of commercial and residential structures.
The realization of this potential involves development of analysis tech-
niques which account for a number of variables ignored by qualitative
surveys. Heat loss from a roof surface is discussed in terms of con-
vective and radiational losses. The variables involved in rooftop heat
loss are defined and the unknown parameters identified. Techniques f”,r
aerial measurement of rooftop temperature (and/or other required param-
eters) are discussed in terms of atmospheric, background and material
properties. Once again, the variables involved and their relationship
to heat loss are defined and the unknown parameters required for cal-
culation of heat loss identified. Existing techniques to account for
some of these unknowns are presented. The feasibility of developing
techniques to measure the remaining unknowns is addressed. Some poten—
tial approaches are suggested which could eventually lead to quanti-
tative heat loss measurements.

90. SMITH, I. E. , M. f lanagan and S.D.  Prob ert (1976)  The effect of I 
-

~mcertainties in the emissivity on therma l loss estimates fro m
buildings and struc tures. School of Mechanica l Engineering,
Cranf ie ld  Insti tute of Technology, Eng land.

The use of infrared thermography to quantitatively dete rmine the
heat loss from buildings requires that temperature differences of only a
few degrees between the surface of the fabric and ambient be measured;
theref ore accuracies of only tenths of a degree are called for.
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This report shows that , to achieve such a deg r ee of precision in
the interpretation of thermograms, values of the fabric emissivity must
be known to at least 1% if the emissivity is in the range 0.95 — 1, and
considerably more accurately if the emissivity Is less than this.

An apparatus has been designed and fabricated which enables emissi—
vities to be determined with a high degree of accuracy , and experimental
results for a range of building materials are reported .

91. STAINTON, W.D. (1978) Quantitative interpretation of buiZdinp
therm ograms. Fourth Biennia L Infrared Informa t-f o~ Exchange , P~ .
Louis, Missouri.

This paper proposes that the essential interpretation of a thermogram
should accomplish one or more of the following objectives:

1. Characterize thermal performance in terms of insulation levels
and/or annual energy.

2. Identify anomalies in the thermal pattern as to energy impli-
cations, condensation potential, and possible cause (insulation or
infiltration).

3. Characterize the uniformity of the building surface temperatures
for use in the design of thermal breaks, material and method combi-
nations before and after retrofit; and comparisons with established
standards of uniformity .

92. STAINTON, W.D . (1971) Thermal insulation and vapor barriers
(unpublished ) Toronto, Ryerson Pol ytechnical Institute, .50 Gould
St., Toronto, Ontario , Canada M.5 B 1E8 .

Mathematics and theory of surface temperature and emissivity of
surfaces are discussed. Film coefficient , minimum performance standards ,
coefficient of surface temperature heterogeneity, temperature index ,
water detecting materials, condensation temperature, dew point tempera-
ture, testing insulation cold box, AGA Therniovision 680 system, inch—
degree data, thermal bridges, durability of cladding , comfort , and
contact measurements are discussed .

93. STAINTON, W.D. (1971)  Thermograp hy and “U” values (unpubl ished) .
Ryerson Po lytechnical Institute, 50 Gould St .  Toronto, Ontar io,
Canada M.5B 1E8.

This paper describes the use of Thermovision to calculate region of
U—values and gives a basis of calculation for the coefficient of heat
transfer.
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.~4. P1’AY, B.J .  ( 1 9 7 7)  Ra dia tion transfer and infrared measurement in
the context of energy conservation. Society of Photo-Optical
Instrumentation Eng ineers , Bellingham, Washtngton, Vol. 110, Industr-i-al
and P - ivi 1 Applica tions of Infrared Technology (SIRA June 1977
London) , 6 p.

In attempting to reduce the heat losses from buildings and other
structures greater attention should be paid to radiation losses. These
are less well understood and less easily controlled than conduction and
convection losses. The sources of radiation range from the sun (6000 K)
to room temperature objects (293 K) and the range of wavelengths being
radiated is very large. Materials which are transparent at some wave-
lengths can be opaque or highly reflecting at others. Use can be made
of such wavelength selective properties and new selectively reflecting
materials are being developed . The requirements for windows, for example ,
are very different than f or walls or for industrial insulation. Assess—
ment of the properties of these m.~~erials requires new techniques both
in the laboratory and in the field .

95. TANIS, F.J. and R.E. Pai’~-eon C 1977) App lication of airborne infrared
technology to r~:oni tor 1~u-idd-fng z. -a~ loss. Proceedings of the
Eleventh Internatio na l P:an l-os- i ur~ on Remote Sensing of Environment,
~~-29 April 1977. Environmen ta l Research Institute of Michigan ,
Ann Arbor, Michigan.

During the 197 5—76 winter heating season ERIM conducted studies
to test the application of airborne infrared technology to the require—
ments for energy conservation in buildings. Quantitative airborne
data of the City of Ypsilanti, Michigan were collected and processed
to identify roof temperatures. A thermal scanner was flown at an
altitude of 1,200 ft with two thermal bands 8.2—9.3 jim and 10 .4—12.5  jim
reccrded by an analog system. Calibration was achieved by standard I]
hot and cold plates. Using a thermal model to interpret ceiling insula-
tion status, environmental factors were found to influence the relation
between roof temperature and insulation. These include interior and
sky temperatures, roofing materials, and the pitch and orientation of

• the roof.  A follow—up mail survey established the ability to identify
insulated and uninsulated houses from the airborne infrared data.

96. TANIS, F.J., R.E. SAMPSON AND T.W. WAGNER (1976) Therma l imagery
for evaluation of cons truction and insulation conditions of small
buildings. FEA/D-77/129. Office of Energy Conservation and Environ-
ment, FEA, Washington, DC 20461. Contract no. C0-04-60233-00.
Environmenta l Researc h Institute of Michigan , Ann Arbor, Michigan,
78 thernvgraj ns, 56 p .  -r
Final technical results are presented on the use of airborne and

ground infrared imaging techniques to gain information on heat loss
from buildings. A portable infrared device has been used to examine the
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interiors and exteriors of residences. Example thermograms presented
show the kind of construction defects and insulation problems that
can be analyzed from ground surveys. Aerial survey imagery is shown
and analyzed with residential questionnaire results. The applicability
of new and commercially available Infrared (IR) technologies to construc-
tion and insulation practices of small buildings has been studied .
Since many residential and commercial structures are not well constructed
from an energy standpoint, the central question is whether infrared
devices provide useful information in identifying building energy losses.
Within the constraints imposed by the technology and the complexity of
actual heat transfer mechanisms, this study attempts to illustrate the
applications and limitations of Infrared technology .

This report examines the heat transfer characteristics of a variety
of structures and illustrates with specific examples the value of
infrared imagery in identifying heat losses. While this study does not
cover every aspect of infrared sensing, it does provide sufficient
background for the non—specialist to interpret thermal images of buildings.

The f i r s t  part of this report provides background material on heat
transfer analysis, building construction, applications of instrumenta—
tion, and methodology on data collection and analysis. The second
part describes the collection of infrared and supporting data for
thermal imagery analysis of small buildings.

97. TEXAS INSTRUMENTS INC. (1978) Aerial infrared thermograms and
residential heat loss. Texas Instruments Ecological Services,
Dallas, Texas 75222 , 13 thermograms, 34 p.

The production of infrared thermograms as indicators of heat loss
in residential and business structures involves the application of thermal
infrared technology to the problem of conservation of energy. One
approach involves overflying cities and towns at night in an airplane
equipped with an infrared scanner which works much like a light meter
in the long—wave infrared portion of the electromagnetic spectrum. The
scanner, like a television set, generates a picture line by line rather
than all at once like a framing camera. One dimension of the image is
produced by scanning side to side and the other dimension Is produced
by the forward motion of the aircraft.

The micro— and macro— environments surrounding a community are a
heterogeneous mixture of substances that are continuously ref lec t ing ,
ref racting , absorbing, and emi t t ing infrared energy . The vast majori ty
of the energy in this envelope originates from the sun, whose surface
approximates a blackbody radiator at 6000 K.
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Energy transfer in the described environmental envelope takes place
in many ways. Of these, the infrared interpreter is most concerned with
radiation, which in the classical sense involves converting internal
energy (heat) into the radiant form (radiance) and the revision of
radiant energy into internal energy where the energy is absorbed . A
second important process of energy transfer is conduction, a point—by—
point process in which one part of a body is heated by direct contact
with the heat source and neighboring parts become successively heated .

Other methods of energy transfer include: convection, which involves
a bodily movement of the material heated and applies to a liquid or gas;
advection, which generally refers to air mass movements resulting in a

• change in thermal energy at a point in the atmosphere; and evaporation!
condensation processes, which involve the latent heat released/absorbed
due to a change in state (e.g., water vapor changing to dew).

The earth’s s~rface is warmed primarily by radiation from the sun.
Differences in temperatures of objects on the terrain result from varia-
tions in radiation, conduction, convection, and evaporation/condensa-
tion heat transfer processes.

Interpretation of an infrared thermogram for heat—loss information
involves a great deal more than merely looking at the picture and making
general statements about the observation. It must be remembered that the
thermogram is a recording of emitted electromagnetic energy in the
infrared portion of the spectrum and that the tonal differences perceived
are a function of object temperature and emissivity , and that these
differences are only relative. For example, an object or roof that shows
extremely light in tone is often referred to as HOT, and one that shows
extremely dark is called COLD, when their temperatures actually may vary
by only a few degrees and both could be what would usually be termed
COLD (e.g., in the neighborhood of 25 F). The contrast between the
light tones and dark tones is not only a function of the actual temperature
and emissivity differences that exist for the objects, but a function of
image recording and image printing settings and techniques.

• Because Image tones are relative, certain guidelines must be adopted
in heat—loss interpretations. First, the interpreter must know the
overflight conditions, primarily aircraft altitude, since optical reso-
lution is a function of altitude. Second , the interpreter must know
the environmental conditions prevailing at the time of data collection,
i.e., air temperature, relative humidity or dew point, wind and sky
conditions. Third, the interpreter must know the time—of—night the
data were collected, since relative scene changes occur during the
nighttime cooling cycle. Fourth, ground conditions, including roofs,
must be known; i.e., whether the ground or roof is snow—covered , dry,
or wet. Fifth, the interpreter must have knowledge of the structure he
is evaluating. This Information obviously must come from the homeowner
or business owner.
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If the heat—loss survey is to be e f f e ct i v e , the message must be
communicated to the Individual home— and business owners, who alone
can remedy any problems uncovered by the survey . Most people are anxious
to “see” their own homes on the thermograms , and response can be good if
the public is made aware of the type of information available and where
and how the thermograms can be viewed . Public information presentations ,
e.g., mailed information included in utility bills , newspaper , radio ,
and television, can be used effectively — particularly if good examples
of the thermograms can be shown in an informative way.

Aerial infrared scanning of residential and business structures is
a cost—effective way to provide heat—loss information useful to energy
conservation efforts and is a first step in helping homeowners meet
rising utility bills. But the effectiveness of these programs can be
lost if the information gained does not reach the public .

98. -“OBIASSON, W.N. and S.N. Flanders. Reinsulating old wood frame
buildings with urea-formaldehyde foam (1977). Preprint Second
Internationa l Symposium on Cold Regions Engineering, 1—niver s ity of
A1.~ska.

Urea—formaldehyde (UF) foam was invest igated for  use as an insula—
tion r e t r o f i t  material  in very cold regions. A test instal lat ion of
the material  was made in stud frame walls at Fort Creely , Alaska , in
August 1975. Two months later , a nondestructive survey of these walls ,
employing thermopiles, thermocouples and an infrared camera , revealed a
marked improvement In the wall’s insulating performance. Cuts in test
areas eight months later revealed excellent f i l l ing and showed shrinkage
to be under 2%.

Thermograms taken from the inside of the retrofitted buildings
by a portable infrared camera showed some dramatic differences between
well and poorly insulated wall areas. One example showed a dark (cold)
patch above a window that was not retrofitted with UF foam. The other
portions of the wall were insulated with UF and they appeared uniformly
warmer.

In another example taken from inside a building containing 2 1/2
in. of glass fiber insulation the fire barrier inside wall could be
detected where light and dark meet in the upper third of the picture. A
great deal of inconsistency was apparent among different portions of the
stud spaces, suggesting that the glass fiber insulation varies In
thermal effectiveness depending on its situation in the wall. A lower
stud cavity was discovered to be filled with UF foam up to the wooden
molding, but not all the way up to the fire barrier inside wall. Here
the foam installer drilled no spew hole , and guessed incorrectly when
the space would be full of foam.
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89. TOBIi4SSOZV, W. .V. , ~~
‘. ~~

‘
. A~ -i’~~ ~~~~~ ~nJ 7’. . . / ~~ (:87?) Root “:o ur~

survey : ~~
‘e’fl stite of ~Vo:~ H ‘q-~t h i~o hu/ in~~ ., J’RH EL- 77—31 , 18

t ; ~Z.7.’k2~3r.2rns, -“9 ~

Ten roofs in Concord , New Hampshire , were surveyed f or wet insula-
tion using a hand—held infrared camera. Suspected wet areas were marked
on the roof with spray paint and roof samples were obtained to verify
wet and dry conditions . Recommendations for maintenance and repair were
made based on Infrared findings , water contents , and visual examinations .
An incremental economic study is presented to serve as a guide in de—
terinining the most cost—effective approach.

1 ?7~. L’BIA~-S usV, W. , c’. K i ~~~~on ~znd A. ~n i. or~ (19- ’?) ~~~J— ~~~ d
0rar ~J s2istems f o r  ~/cte~ting 2~oo7 rioisturo. r~;’’~ f:c’: c’~:

~~ J~in ;  1’~’~’hno Z og y ,  V: t  i ’no 1 i”z veou of .~?t~:n.Lu ’~s, ~ -i : ~~~~
- u ’:,

M zr’ ’ /a~_ /.

Four Infrared cameras were evaluated for use in detecting roof
moisture: AGA Model 750, Inframetrics Model 510, Hughes Probeyc , and
Magnavox AN/PAS—lO. Portable nonscanning radiation thermometers were
also considered .

The AGA and Inframetrics systems were used extensively to detect
temperature differences on roofs and correlate these locations with core
samples. Many roofs which appeared to be in excellent condition contained
wet insulation which was thermally ineffective and contributed to excessive
energy losses. The techniques developed in conducting numerous roof
surveys to determine the causes of warm areas on roofs and isolate those
caused potentially by moisture are described in detail.

Some reasons for warmer roof areas are: 1) hot air exhaust onto a
roof from a fan or vent, 2) heaters suspended just below a roof with
minimal insulation, 3) hot rooms below the roof (boiler rooms), 4) dif-
ferences in the amount and type of insulation in the roof , 5) wind
shelter and radiated warmth from walls of higher portions of the same
building, 6) significant differences in the thickness of the built—up
membrane, 7) wet insulation.

Infrared surveys were compared with nuclear moisture surveys.
Nuclear surveys require more time and effort and cover only about 2% of

• the roof area. It is essentially impossible to produce a nuclear survey
with as detailed coverage as an infrared survey.

101. TREADO, S.J .  Lr nd D. M. Burch (19 18) Evaluation of ha ’:o’—h o?d ! ‘ r~:rco~
thermometers for  “R” ~~~~~~~~~~~ . L’cn t ‘r f or  Bu / no T1-chno
Nationa l Bureau of Standar ds, 20 p.

Hand—held infrared thermometers were not recommended for use In
determining the thermal resistance (R) values of walls. Under steady—
state conditions , measurements of the R—value of an insulated wall showed
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an average error of more than 50%. Under dynamic conditions , the error
approximately doubled .

Some of the error in R determination using radiometers is due to
inaccurate temperature measurement . However , even if the instruments
were perfect in indicating surface temperatures , substantial error in
R determination would occur due to other factors, such as uncertainty
in the surface heat transfer coefficient and etnissivity , and transients
due to cyclic operation of the furnace and outdoor conditions .

The best application of the hand—held temperature indicators is as
a qualitative measuring device, It should be possible to determine
whether or not a wall is insulated or if voids or other insulation
failures are present . Great care should be taken t e  ensure accurate
calibration of the devices which require that procedure. Separate indoor
and ou tdoor calibrations should result in increased accuracy. Care should
be exercised to minimize uncertainties due to transients. For greatest
accuracy4~, measurements should be made under conditions which produce a
20 to 30 F temperature difference across the wall , and the cold—side
surface of the wall should be above 32°F.

102. VOGEL, F. E. J .  ( 7 9 7 4 )  7n _”ror ~ ~-n~ ~ ‘~ :, - -~:O~~’~’ z o ~:. ~-ii’r~
Materials and Mechanics ~~~~~~~~~~ 

-
‘ ~. - , ~ , � ‘ O n , .‘- O ’;O~S8~-~~tS ,

24 thermograms, 14 ~~‘.

The development of infrared equi pment for  nondestruct ive tes t ing
has been refined to the point tha t  i n ,t r u m e n t s  are available to detect
any loss of energy that can be expressed in terms of heat f low to the
surface or airborne par t icu la te  m a t t e r .  A brief introduction to
infrared nondestructive testing is given, followed by a number of
thermograms of insulation problems , leaking steam valves , stack losses,
extravagant cooling, random leaks, etc. It is shown that periodic plant
checks by infrared will not only contribute to the national energy
conservation effort but will also result in significant operational
economies.

103. WILSON, G. (1978)  Managing tl;e resid€~’ntfoZ ~J ~.’vr~~: 1 “;o~~-r,~. :-rooror:.Thermosense I .  ~‘irst National Confcrcnoo az ~he Co;’oL- f 7i-~-~c~ o’zJ
Limitations of Therma l Infrar t’d Sensing ~ cohnaZc~::. in E ero~, on-
servation Programs, Chattanooga , l’rnnessoo , ~0—~ 1 ~~~~- t - ’;/ cr , h~’8 ,
The American Society of Photogr ammetry , 105 F~r~::~n i :  -4:’c., Fo ’
Church, Virginia 22046.

Project Aero—Scan~i~~4esigned to graphically identify insulation—
deficient homes and to stimulate homeownets to take energy conservation
measures in residential buildings. Although the program provides a
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minimal amount of “technical information” to the homeowner by means ol a
hard—copy display of a particular home ’s hea t loss uharacterlstics , i t s
real value lies in the interest generated in energY conservation. The
by—product of the program , i.e., an increased awareness of and concern
icr improved efficiency in residential heating/cooling , is , there-
f ore, more important than the mere product of thermography. This lormer
area is where most management time should be expanded , not the Litter.

Project  Acre—Scan is funded through an E.P.C.A . grant to Tennessee ’s
Energy Author i ty  through 1980; the program has been funded s ince  1 June
1977 , and management responsibi l i t ies  began 1 October  1977 .  The program
calls for  thermal scanning of all densel y popula ted  areas  in the state ,
the presentat ion of thermograms to interested citizens , and the compila-
tion of evidence suggesting how much energy savings have resulted from
t h e  program.

Thus far , Project Aero—Scan has been tested in Memphis (pop. h67 ,l50),
Millington (pop. 21,177), and Jackson (pop. 40,744) , Tennessee . Other
areas of the state have been scanned (Nashville , Callatin , Madison), but
the thermograms have not been released for public viewing . Plans call
for the scanning of: Chattanooga , Clarksville , Murfreesboro (all in
winter , 1978—79); Oak Ridge , Knoxville, and Johnson City (all In winter ,
1979—80).

Previous residential thermal scanning programs have allowed public
access to the thermograms in basically two ways: either through local
utilities as a tool In high billing complaints or through existing govern-
ment offices . Tennessee’s approach utilizes branches ot the pub l i c
library system for dissemination of the information. The advantages of
this system are: reliance on an established information delivery system ,
personnel trained to deal with all levels of populations , strategicall y
located dissemination points with established use patterns , affiliation
wi th a neutral/positive credibility source , and (usually) a delivery
organization positively a t tuned  to strategies designed to increase partici-
pation in their services.

Management areas of concern center on these program aspects :
thermogram preparation , in te rpre te r  t r a in ing , map usage , house ana lys i s ,
record—keep ing, publicity e f f o r t s , pr int ing requirements , tech n ica l
suppo rt  systems , thermogram secur i ty ,  and local governmental  support .

Beyond these areas of normal concern , particular program a r eas need
added a t tention:  presentation of the program in such a way as to d issuade
arguments concerning “the invasion of privacy,” polici es regulating
access to potentially profitable information for private enterprise ,
exaggerated claims for  informat ion  u t i l i t y ,  and massive manpower require-
ments for  correct dissemination procedures .
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104. h’Z4~’;’/i~; ’~’:~) :. ~i. ( ?z1~~.’.) .‘‘i - i ’ r rz  ;~~~; z : ~, ’ ~~ z i : ~.-~ ?‘ : , ha ~~‘ ;a -vz ’~
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Northern  I l l ino is  Gas uses an i n f r a r e d  ima g ing system to survey
school bui ldings as a service to t h e i r  customers.  The un ique  f e a t u r e
of the i r  procedure is a word processing machine program tha t a u t o m a t i c a l ly
types out a f in i shed  report , thus s o l v i n g  the most f r u s t r a t i n g  aspect
of infrared building surveys , the t imely  p r e p a r a t i o n  of a f in i shed  repor t
to the customer.

The energy consul tant , a f t e r  survey ing the  f a c i l i t y ,  l i s t s  var ious
ph r ase codes on a work sheet which  are re levant  to the  heat loss ev alu a—
t Ion of a par t  icula r  bui  [d i n g .  1’hest’ phrase  codes are  chosen f rom a
maste r l ist  of 86 codes , which arc essent  i al lv  succ inc t  sentences
desc r ibi ng typ i ca l  b u i l d i n g  heat loss s i t u a t i o n s .  The word processor
ope ra tor  then types the phrase  codes In to  the  word processing system ,
and the phrases are automa t i c a l l v  assembled and p r i n t e d  out in a report
ta i lored espec ially for  t he  surveyc~i school .  The report is assembled
in a spec lal [older , along w i t h  convent iona l photos , thermograms , and
other miscellaneous materials on energy conservation. This  unique
breakthrough has given one man and camera the  a b i l i ty  to survey hundreds
of school b u i l d i n g s  In a year ’s t ime.
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